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I am delighted to introduce the third édition of 
Musculoskeletal Assessment: Joint Motion and Muscle 
Testing. This édition continues the quest to convey 
new information, methodology, expérience, and wisdom 
to students and professionals alike. New approaches that 
facilitate learning elevate the existing status of this title as 
an important educational tool and clinical resource. The 
third édition is updated to include the latest research 
findings and assessment techniques. 


New to This Edition 

Some of the more significant additions to the third édi¬ 
tion include the following. 

Practical testing forms for the assessment and mea- 
surement of joint range of motion (ROM), muscle length, 
and assessment of muscle strength are found on this 
book's companion website at http://thepoint.lww.com/ 
Clarkson3e. These forms list the criteria for each assess¬ 
ment and measurement technique in a chart/checklist 
format. Judging from my teaching expérience, these 
forms will be an invaluable tool for students to become 
proficient in the clinical assessment and measurement 
techniques, allow for évaluation of student proficiency, 
and serve as a handy review. Practice Makes Perfect 
icons appear next to clinical assessment and measure¬ 
ment techniques throughout the textbook to cross-refer- 
ence the corresponding online practical testing forms. 
(For information on other ancillary materials available 
with this text, see section on "Additional Resources" in 
this préfacé.) 

Further noteworthy additions to the third édition 
include more in-depth reviews of articulations, arthro- 
kinematics, the SFTR method, and illustration of normal 
and reverse scapulohumeral rhythm resulting from 
restricted glenohumeral joint ROM. Normal ranges of 
motion are now emphasized in red font in the text. New 
techniques are described and illustrated to measure active 
range of motion (AROM) of the temporomandibular joint 
(TMJ) using the ruler and calipers, and the spine using the 
tape measure, standard inclinometers, the Cervical Range- 
of-Motion Instrument (CROM), and the universal goni- 
ometer. For the assessment and measurement of muscle 


length, muscle origins and insertions are included with 
each procedure. A more concise description of grading 
muscle strength is presented. A new chart of patient posi- 
tioning for the assessment and measurement of joint 
ROM, muscle length, and muscle strength is added as 
Appendix C. 

Many new photographs and illustrations augment the 
written text. Of spécial note are unique illustrations of 
the measurement of joint passive range of motion (PROM) 
showing the universal goniometer and therapist's hand 
positions in relation to the deep anatomy, and those of 
the noncontractile normal limiting factors (NLF) that 
limit movement. Illustrations of the deep bony anatomy 
that accompany the photographs of surface anatomy are 
also new. 


Need for This Textbook 

Assessment of joint ROM and muscle strength are impor¬ 
tant clinical skills in the practice of physical and occupa- 
tional therapy. These évaluations form two component 
parts of the physical assessment of a patient with a mus¬ 
culoskeletal disorder. This book has evolved in response 
to a need for a comprehensive textbook that contains the 
principles and methodology of joint ROM and manual 
muscle strength évaluation in one volume. The content is 
written on the assumption that the student possesses pre- 
requisite knowledge of the anatomy of the musculoskel¬ 
etal System. 


Organizational Philosophy 
and Use of Visual Material 

Section I: Principles and Methods 
(Chapters 1 and 2) 

Chapter 1 of this volume focuses on the principles and 
methodology of évaluation. The overview of the princi¬ 
ples and methods provided here contains knowledge pre- 
requisite for the remaining chapters. 

Chapter 2 (Chapter 9 in the previous édition) of this 
volume illustrâtes how spécifie assessment methods are 
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utilized and adapted to serve as treatment methods. 
Using description and illustration, the principles and 
methodology of joint ROM, muscle length, and manual 
muscle strength évaluation are shown to be the same as 
those used for selected treatment techniques. The con¬ 
tent of this chapter relates directly to the principles and 
methodology presented in Chapter 1. This unique pré¬ 
sentation blends the topics of assessment and treatment 
to facilitate learning and application of these skills as 
practiced clinically. 

Section II: Régional Evaluation 
Techniques (Chapters 3 through 9) 

Chapters 3 through 9 focus on the spécifie meth¬ 
odology of ROM and muscle strength évaluation of the 
extremities, head, neck, and trunk. Each of these chapters 
is devoted to a spécifie joint complex, and ail are orga- 
nized in an identical format. 

Articulations and Movements 

Each chapter begins with a review of the articulations, 
shapes of the articular surfaces, joint movements, and axes 
of movement pertaining to the spécifie joint complex. A 
summary of joint structure, movements, and NLF to joint 
movements are presented in tabular form. This table pro¬ 
vides reference information pertinent to assessment, mea- 
surement, and interprétation of findings. Line drawings 
accompany the table to enable the reader to visualize the 
noncontractile NLF that normally limit joint motion. 

Surface Anatomy 

Through illustration and description, the pertinent land- 
marks for the assessment of joint ROM and muscle 
strength are identified. Muscles are excluded from this 
description, as précisé points of palpation are presented 
in the description of each muscle test later in the chapter. 

Range of Motion Assessment and Measurement 

Following the surface anatomy is the methodology for 
assessing and measuring each movement at the particular 
joint complex. In some chapters, AROM scans used to 
guide the need for subséquent assessment procedures are 
described and illustrated. 

A consistent method of assessing and measuring joint 
ROM is essential for accurate assessment of a patient's 
présent status, progress, and effectiveness of the treat¬ 
ment program. Learning is promoted through consis- 
tency in documentation and illustration of methods. 

The assessments of ROM are described under the 
main headings of joint movements. In Chapters 3 through 8, 
the description of the assessment and measurement of 
the ROM normally begins with a reminder to assess the 
AROM and identifies the substitute movements to be 
avoided, when applicable. For a select few peripheral 
joint movements, the measurement of the AROM is also 
described and illustrated. 

For the joints of the extremities, description and illus¬ 
tration of the assessment of PROM that includes détermi¬ 
nation of the end feel is followed by description and 


illustration of the measurement of PROM using the uni¬ 
versal goniometer and in some cases the OB "Myrin" 
goniometer. 

Chapter 9 (Chapter 2 in the previous édition) covers 
the assessment and measurement of AROM for the TMJ and 
spine. This chapter is extensively revised to describe and 
illustrate many new measurement techniques using the 
ruler and calipers to measure AROM of the TMJ, and the 
tape measure, standard inclinometers, CROM, and uni¬ 
versal goniometer to measure spinal AROM. 

Muscle Length Assessment and Measurement 

Following the assessment and measurement of joint 
ROM, assessment and measurement of muscle length is 
described and illustrated under the main headings of the 
muscle(s) being assessed. 

Muscle Strength Assessment 

The next section of the chapter focuses on manual mus¬ 
cle strength assessment. The section begins with a review 
of the relevant anatomy of the région, including muscle 
actions, attachments, and nerve supply. 

In each chapter, the muscle strength tests are described 
under the main headings of joint movements. The prime 
mover(s) and accessory muscle (s) are identified. Through 
illustration and description, the against gravity tests are 
presented, followed by the gravity eliminated tests. The 
sequence is consistent for each movement. 

For each muscle strength test, the first against 
gravity photograph illustrâtes the start position and sta¬ 
bilization. The next photograph illustrâtes the patient's 
position at the end of the ROM and the best point for 
muscle palpation. The résistance test follows with a 
photograph of the therapist applying manual résis¬ 
tance. An illustration of the muscle being tested and the 
location of the therapist's hand relative to deep ana- 
tomical structures when applying résistance accompa- 
nies the résistance photograph. The illustration also 
provides a Visual review of muscle attachments and 
direction of muscle fibers to assist the student in visual- 
izing the deep structures. 

The first gravity eliminated test photograph illustrâtes 
the start position and stabilization. A second photograph 
illustrâtes the end position for the gravity eliminated test 
and the best point for palpation of the muscle(s) being 
assessed. 

Normally, the assessment or measurement procedures 
for joint ROM and muscle strength first give the optimal 
start position that could be used to perform the procedures 
based on the position that offers the best stabilization. In 
some instances, there may be more than one position that 
could be used to assess or measure the joint ROM or assess 
the muscle strength. These positions are termed alternate 
positions and are documented if they are common in clin- 
ical practice or if the preferred start position is impractical 
or contraindicated for some patients. 

Functional Application 

The final section of each chapter is devoted to the func¬ 
tional application of assessment. The spécifie function of 
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the joint complex is described. The functional ROM at 
the joint is documented. Emphasis is placed on those 
ranges required for performance of daily activities. The 
function of the muscles is described according to biome- 
chanical principles and daily activities. Assessments of 
joint ROM and muscle strength are not performed in iso¬ 
lation of function. Through knowledge of the ROM and 
muscle function required in daily activities, the therapist 
can elicit meaningful information from the assessments. 
The therapist correlates the assessment findings with the 
patient's ability to perform daily activities and, in con- 
junction with other physical assessment measures, déter¬ 
mines an appropriate treatment plan to restore or main- 
tain function. 


Section III: Appendices 

Appendices A and B présent sample recording forms for 
ROM Assessment and Measurement, and Manual Muscle 
Strength Assessment, respectively. A new chart of patient 
positioning for the assessment and measurement of joint 
ROM, muscle length, and muscle strength has been 
added as Appendix C. Appendix D describes joint posi¬ 
tions and motions of the lower limb throughout the gait 
cycle. 


Additional Resources 

Musculoskeletal Assessment: Joint Motion and Muscle 
Testing, Third Edition, includes additional resources for 
both students and instructors that are available on the 
book's companion website at http://thepoint.lww.com/ 
Clarkson3e. 


Students 

Students who hâve purchased Musculoskeletal Assessment: 
Joint Motion and Muscle Testing, Third Edition, hâve access 
to the following additional resources: 

• Practical testing forms (mentioned earlier in this 
préfacé) for the assessment and measurement of joint 
ROM, muscle length, and assessment of muscle strength; 
these forms list the criteria for each assessment and 
measurement technique in a chart/checklist format. 

• Video clips illustrating assessment techniques 

Instructors 

Approved adopting instructors will be given access to the 
following additional resources: 

• An image bank containing ail the images and tables in 
the book 

• A WebCT and Blackboard Ready Cartridge 

In addition, purchasers of the text can access the search- 
able Full Text Online by going to the Musculoskeletal 
Assessment: Joint Motion and Muscle Testing, Third Edition, 
website at http://thePoint.lww.com/Clarkson3e. See the 
inside front cover of this text for more details, including 
the passcode you will need to gain access to the website. 


A Final Note 

It is my hope this textbook continues to serve as a valu- 
able resource in the classroom, laboratory, and clinical 
environments to promote a high level of standardization 
and proficiency in the clinical évaluation of joint ROM 
and muscle strength. 

Hazel M. Clarkson 
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Chapter 


Principles and 
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Methods 


A fundamental requisite to the study of évaluation of 
joint range of motion (ROM) and muscle strength is the 
knowledge of évaluation principles and methodology. 
This chapter discusses the factors pertinent to the évalu¬ 
ation of ROM and strength. A firm foundation in the 
principles, methods, and associated terminology pre- 
sented in this chapter is necessary knowledge for the 
spécifie techniques presented in subséquent chapters. 


Communication 

When conducting a physical assessment, explain to the 
patient the rationale for performing the physical 
assessment and the component parts of the assessment 
process as these are carried out. Speak slowly, use lay 
terms, provide concise and easily understood explana- 
tions, and encourage the patient to ask questions at 
any time. 

It is essential the patient understands the need to do 
the following: 

1. Expose spécifie régions of the body and assume differ¬ 
ent body positions for the examination. 

2. Communicate any change in his/her signs and symp- 
toms during and after the examination procedures. 
Inform the patient that he/she might expérience a 
temporary increase in symptoms following an assess¬ 
ment, but the symptoms should subside within a short 
period. 


Visual Observation 

Visual observation is an intégral part of assessment of 
joint ROM and muscle strength. The body part being 
assessed should be adequately exposed for Visual inspec¬ 
tion. Throughout the initial assessment of the patient, 
the therapist gathers Visual information that contributes 
to formulating an appropriate assessment plan and 


determining the patient's problems. Information gained 
from Visual observation includes such factors as facial 
expression, symmetrical or compensatory motion in 
functional activities, body posture, muscle contours, 
body proportions, and color, condition, and creases of 
the skin. 


Palpation 

Palpation is the examination of the body surface by 
touch. Palpation is performed to assess bony and soft tis- 
sue contours, soft tissue consistency, and skin tempéra¬ 
ture and texture. Visual observation and palpation are 
used to "visualize" the deep anatomy. 1 

Palpation is an essential skill to assess and treat 
patients. Proficiency at palpation is necessary to perform 
the following: 

• Locate bony landmarks needed to align a goniometer, 
tape measure, or inclinometer correctly when assessing 
joint ROM. 

• Locate bony segments that make up a joint so that 
one joint surface can be stabilized and the opposing 
joint surface can be moved to isolate movement at 
a joint when assessing joint ROM or mobilizing a 
joint. 

• Locate bony landmarks that are used as reference points 
to assess limb or trunk circumference. 

• Détermine the presence or absence of muscle contrac¬ 
tion when assessing strength or conducting rééduca¬ 
tion exercises. 

• Identify bony or soft tissue irregularities. 

• Localize structures that require direct treatment. 

Proficiency at palpation is gained through practice 
and expérience. Practice palpation on as many subjects as 
possible to become familiar with individual variations in 
human anatomy. 
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Palpation Technique 

• Ensure the patient is made comfortable and kept 
warm, and the body or body part is well supported to 
relax the muscles. This allows palpation of deep or 
inert (noncontractile) structures such as ligaments 
and bursae. 

• Visually observe the area to be palpated and note any 
deformity or abnormality. 

• Palpate with the pads of the index and middle fingers. 
Keep fingernails short. 

• Place fingers in direct contact with the skin. Palpation 
should not be attempted through clothing. 

• Use a sensitive but firm touch to instill a feeling of 
security. Prodding is uncomfortable and may elicit ten¬ 
sion in the muscles that can make it difficult to palpate 
deep structures. 

• Instruct the patient to contract a muscle isometrically 
against résistance and then relax the muscle to palpate 
muscle (s) and tendon(s). Palpate the muscle or tendon 
during contraction and relaxation. 

• Place the tips of the index and middle fingers across the 
long axis of the tendon and gently roll forward and 
backward across the tendon to palpate a tendon. 



Figure 1-1 Therapist’s stance when performing 
movements parallel to the side of the plinth. 


Therapist Posture 

Apply biomechanical principles of posture and lifting 
when performing assessment techniques. Therapist pos¬ 
ture and support of the patient's limb are described. 

Posture 

Stand with your head and trunk upright, feet shoulder 
width apart, and knees slightly flexed. With one foot 
ahead of the other, the stance is in the line of the direc¬ 
tion of movement. Maintain a broad base of support to 
attain balance and allow effective weight-shifting from 
one leg to the other. When performing movements 
that are: 

• Parallel to the side of the plinth, stand beside the plinth 
with the leg furthest from the plinth ahead of the other 
leg (Fig. 1-1). 

• Perpendicular to the side of the plinth, face the 
plinth with one foot slightly in front of the other 
(Fig. 1-2). 

• Diagonal movements, adopt a stance that is in line 
with the diagonal movement with one foot slightly 
ahead of the other. 

Protect your lumbar spine by assuming a neutral lor- 
dotic posture (the exact posture varying based on com- 
fort and practicality) and avoiding extreme spinal flex¬ 
ion or extension. 2 Gain additional protection by the 
following: 

• Keeping as close to the patient as possible. 

• Avoiding spinal rotation by moving the feet to turn. 



fi r 
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Figure 1-2 Therapist’s stance when performing 
movements perpendicular to the side of the 
plinth. 
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Figure 1-3 The limb supportée! at the center of gravity using a 
relaxed hand grasp. 


• Using your leg muscles to perform the work by flexing 
and extending the joints of the lower extremity. 

Adjust the height of the plinth to assume a neutral 
lordotic posture, keep close to the patient, and avoid 
fatigue. 

Supporting the Patient’s Limb 

To move a limb or limb segment easily, perform the fol- 
lowing: 

• Support the part at the level of its center of gravity, 
located approximately at the junction of the upper and 
middle third of the segment (Fig. 1-3) 3 . 

• Use a relaxed hand grasp, with the hand conforming to 
the contour of the part, to support or lift a body part 
(Fig. 1-3) 3 . 

• Give additional support by cradling the part with the 
forearm. 

• Ensure that ail joints are adequately supported when 
lifting or moving a limb or limb segment. 


Joint Range of Motion 


Movement Description: 
Osteokinematics 

Kinematics is the term given to the study of movement. 4 
Osteokinematics is the study of the movement of the bone 
in space. 4 The movement of the bone is assessed, mea- 
sured, and recorded to represent the joint ROM. Joint 


ROM is the amount of movement that occurs at a joint to 
produce movement of a bone in space. To perform active 
range of motion (AROM), the patient contracts muscle to 
voluntarily move the body part through the ROM with- 
out assistance. To perform passive range of motion (PROM), 
the therapist or another external force moves the body 
part through the ROM. 

A sound knowledge of anatomy is required to assess 
the ROM at a joint. This includes knowledge of joint 
articulations, motions, and normal limiting factors. These 
topics are discussed separately. 


Joint Articulations and 
Classification 

An anatomical joint or articulation is formed when two 
bony articular surfaces, lined by hyaline cartilage, meet 5 
and movement is allowed to occur at the junction. The 
movements that occur at a joint are partly determined by 
the shape of the articular surfaces. Anatomical articula¬ 
tions are classified as described and illustrated in Table 1-1 
(Figs. 1-4 to 1-10). 

In addition to classifying a joint according to the ana¬ 
tomical relationship of the articular surfaces, a joint may 
also be classified as a syndesmosis or a physiological or 
functional joint. A syndesmosis is a joint in which the 
opposing bone surfaces are relatively far apart and joined 
together by ligaments (Fig. 1-11). 7 Movement is possible 
around one axis. A physiological 5 or functional 8 joint con- 
sists of two surfaces, muscle and bone (scapulothoracic 
joint) or muscle, bursa, and bone (subdeltoid joint), mov¬ 
ing one with respect to the other (Fig. 1-12). 


Movements: Planes and Axes 

Joint movements are more easily described and under- 
stood using a coordinate System (Fig. 1-13) that has its 
central point located just anterior to the second sacral 
vertebra, with the subject standing in the anatomical 
position. The anatomical position is illustrated in 
Figures 1-14 through 1-16. The "start" positions for 
assessing ranges of movement described in this text 
are understood to be the anatomical position of the 
joint, unless otherwise indicated. 

The coordinate System consists of three imaginary car¬ 
dinal planes and axes (Fig. 1-13). This same coordinate 
System can be transposed so that its central point is 
located at the center of any joint in the body. Movement 
in, or parallel to, the cardinal planes occurs around the 
axis that lies perpendicular to the plane of movement. 
Table 1-2 describes the planes and axes of the body. Many 
functional movements occur in diagonal planes located 
between the cardinal planes. 
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TABLE 1-1 Classification of Anatomical Articulations 6 


Ball-and-socket (spheroidal) Hinge (ginglymus) Plane 




Figure 1-4 Ball-and-socket articulation 
(hip joint). A ball-shaped surface 
articulâtes with a cup-shaped surface; 
movement is possible around 
innumerable axes. 


Figure 1-5 Hinge articulation 
(humeroulnar joint). Two articular surfaces 
that restrict movement largely to one 
axis; usually hâve strong collateral 
ligaments. 


Figure 1-6 Plane articulation (intertarsal 
joints). This articulation is formed by the 
apposition of two relatively fiat surfaces; 
gliding movements occur at these joints. 


Ellipsoidal 


Saddle (sellar) 


Bicondylar 



Figure 1-7 Ellipsoidal articulation 
(radiocarpal joint). This articulation is 
formed by an oval convex surface in 
apposition with an elliptical concave 
surface; movement is possible around 
two axes. 



Figure 1-8 Saddle articulation (first 
carpometacarpal joint). Each joint surface 
has a convexity at right angles to a 
concave surface; movement is possible 
around two axes. 


Figure 1-9 Bicondylar articulations 
(femorotibial joint). Formed by one 
surface having two convex condyles, the 
corresponding surface having two 
concave reciprocal surfaces; most 
movement occurs around one axis; some 
degree of rotation is also possible around 
an axis set at 90° to the first. 


Pivot (trochoid) 



Figure 1-10 Pivot articulation (superior 
radioulnar joint). Formed by a central 
bony pivot surrounded by an 
osteoligamentous ring; movement is 
restricted to rotation. 
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Figure 1-12 Physiological or functional 
joint (subdeltoid joint). 



Figure 1-13 Planes and axes illustrated in anatomical position. 



Figure 1-14 Anatomical position—anterior 
view. The individual is standing erect with 
the arms by the sides, toes, palms of the 
hand, and eyes facing forward and fingers 
extended. 


Movement Terminology 

Angular Movements 

Angular motions refer to movements that produce an 
increase or a decrease in the angle between the adjacent 
bones and include flexion, extension, abduction, and 
adduction (Fig. 1-17). 6 

Flexion: bending of a part so the anterior surfaces 
corne doser together. Spécial considérations: Flexion of 
the thumb—the thumb moves across the palm of the 
hand. Knee and toe flexion—the posterior or plantar 
surfaces of the body parts, respectively, corne doser 
together. Ankle flexion—when the dorsal surface of the 
foot is brought doser to the anterior aspect of the leg, 
the movement is termed dorsiflexion. Latéral flexion of 
the neck and trunk—bending movements that occur in 
a latéral direction either to the right or left side. 

Extension: the straightening of a part and movement is 
in the opposite direction to flexion movements. Spécial 
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Figure 1-15 Anatomical position —latéral 
view. 


Figure 1-16 Anatomical position — 
posterior view. 


considération: Ankle extension—when the plantar aspect 
of the foot is extended toward the posterior aspect of 
the leg, the movement is termed plantarflexion. 

Hyperextension: movement that goes beyond the nor¬ 
mal anatomical joint position of extension. 

Abduction: movement away from the midline of the 
body or body part. The midline of the hand passes 


through the third digit, and the midline of the foot 
passes through the second digit. Spécial considérations: 
Abduction of the scapula is referred to as protraction and 
is movement of the vertébral border of the scapula 
away from the vertébral column. Abduction of the 
thumb—the thumb moves in an anterior direction in a 
plane perpendicular to the palm of the hand. Abduction 


TABLE 1-2 Planes and Axes of the Body 

Plane 

Description of Plane 

Axis of 

Rotation 

Description 
of Axis 

Most Common 

Movement 

Frontal (coronal) 

Divides body into 
anterior and posterior 
sections 

Sagittal 

Runs anterior/ 
posterior 

Abduction, adduction 

Sagittal 

Divides body into right 
and left sections 

Frontal 

(transverse) 

Runs medial/lateral 

Flexion, extension 

Transverse 

(horizontal) 

Divides body into upper 
and lower sections 

Longitudinal 

(vertical) 

Runs superior/ 
inferior 

Internai rotation, 
external rotation 
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of the wrist is referred to as wrist radial déviation. 
Eversion of the foot—the sole of the foot is turned out- 
ward; it is not a pure abduction movement because it 
includes abduction and pronation of the forefoot. 

Adduction: movement toward the midline of the 
body or body part. Spécial considérations: Adduction of 
the scapula, referred to as retraction, is movement of 
the vertébral border of the scapula toward the verté¬ 
bral column. Adduction of the thumb—the thumb 
moves back to anatomical position from a position of 
abduction. Adduction of the wrist is referred to as 
wrist ulnar déviation. Inversion of the foot—the sole of 
the foot is turned inward; it is not a pure adduction 
movement because it includes adduction and supina¬ 
tion of the forefoot. 

Shoulder élévation: movement of the arm above 
shoulder level (i.e., 90°) to a vertical position alongside 
the head (i.e., 180°). The vertical position may be 
arrived at by moving the arm through either the sagittal 
plane (i.e., shoulder flexion) or the frontal plane (i.e. ; 
shoulder abduction), and the movement is referred to 
as shoulder élévation through flexion or shoulder élévation 
through abduction , respectively. In the clinical setting, 


these movements may simply be referred to as shoulder 
flexion and shoulder abduction. 

The plane of the scapula lies 30° to 45° anterior to the 
frontal plane, 9 and this is the plane of reference for diag¬ 
onal movements of shoulder élévation. Scaption 10 is the 
term given to this midplane élévation (Fig. 1-18). 

Rotation Movements 

These movements generally occur around a longitudinal 
or vertical axis. 

Internai (médial, inward) rotation: turning of the 
anterior surface of a part toward the midline of the body 
(Fig. 1-17). Spécial considération: Internai rotation of the 
forearm is referred to as pronation. 

External (latéral, outward) rotation: turning of the 
anterior surface of a part away from the midline of the 
body (Fig. 1-17). 

Spécial considération: External rotation of the forearm is 
referred to as supination. 

Neck or trunk rotation: turning around a vertical axis 
to either the right or left side (Fig. 1-17). 
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Figure 1-18 Shoulder élévation: plane of the 
scapula. 


Scapular rotation: described in terms of the direction 
of movement of either the inferior angle of the scapula 
or the glenoid cavity of the scapula (Fig. 1-19). 

Médial (downward) rotation ofthe scapula —movement 
of the inferior angle of the scapula toward the mid- 
line and movement of the glenoid cavity in a caudal 
or downward direction. 

Latéral (upward) rotation ofthe scapula —movement of 
the inferior angle of the scapula away from the mid- 
line and movement of the glenoid cavity in a cranial 
or upward direction. 

Circumduction: a combination of the movements of 
flexion, extension, abduction, and adduction. 

Opposition of the thumb and little finger: the tips of 
the thumb and little finger corne together. 

Reposition of the thumb and little finger: the thumb 
and little finger return to anatomical position from a 
position of opposition. 

Horizontal abduction (extension): occurs at the 
shoulder and hip joints. With the shoulder joint in 90° 
of either abduction or flexion, or the hip joint in 90° 
flexion, the arm or the thigh, respectively, is moved in 
a direction either away from the midline of the body or 
in a posterior direction. 

Horizontal adduction (flexion): occurs at the shoul¬ 
der and hip joints. With the shoulder joint in 90° of 
either abduction or flexion, or the hip joint in 90° flex¬ 
ion, the arm or the thigh, respectively, is moved in a 



direction either toward the midline of the body or in 
an anterior direction. 

Tilt: describes movement of either the scapula or the 
pelvis. 

Anterior tilt of the scapula —"the coracoid process moves 
in an anterior and caudal direction while the inferior 
angle moves in a posterior and cranial direction, " 11(p303) 

Posterior tilt ofthe scapula —the coracoid process moves in 
a posterior and cranial direction while the inferior angle 
of the scapula moves in an anterior and caudal direction. 

Anterior pelvic tilt —the anterior superior iliac spines of 
the pelvis move in an anterior and caudal direction. 

Posterior pelvic tilt —the anterior superior iliac spines of 
the pelvis move in a posterior and cranial direction. 

Latéral pelvic tilt —movement of the ipsilateral iliac crest 
in the frontal plane either in a cranial direction (éléva¬ 
tion or hiking of the pelvis) or in a caudal direction 
(pelvic drop). 

Shoulder girdle élévation: movement of the scapula 
and latéral end of the clavicle in a cranial direction. 

Shoulder girdle dépréssion: movement of the scapula 
and latéral end of the clavicle in a caudal direction. 

Hypermobility: an excessive amount of movement; 
joint ROM that is greater than the normal ROM 
expected at the joint. 

Hypomobility: a reduced amount of movement; joint 
ROM that is less than the normal ROM expected at the 
joint. 

Passive insufficiency of a muscle occurs when the 
length of a muscle prevents full ROM at the joint or 
joints that the muscle crosses over (Fig. 1-20). 12 
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Figure 1-20 Passive insufficiency of the hamstring muscles. Hip 
flexion range of motion (ROM) is limited by the length of the 
hamstring muscles when the knee joint is held in extension. 


Movement Description: 
Arthrokinematics 

The study of movement occurring within the joints, 
between the articular surfaces of the bones, is called 
arthrokinematics . 4 Arthrokinematic motion can be indi- 
rectly observed and determined when assessing active 
and passive joint ROM by knowing the shape of the 
articular surfaces and observing the direction of move¬ 
ment of the bone. 

Joints are classified on the basis of the general form of 
the joint (see Table 1-1). Regardless of the joint classifica¬ 
tion, the shape of ail articular surfaces of synovial joints 
is, to varying degrees, either concave or convex, even for 
articulations classified as plane. 4 Ail joint surfaces are 
either concave or convex in ail directions, as in the hip 
joint (see Fig. 1-4) (i.e., the acetabulum is concave and 
the head of the fémur is convex), or sellar (i.e., saddle- 
shaped). The saddle-shaped surface has a convexity at 
right angles to a concave surface, as in the first carpo- 
metacarpal joint (i.e., formed by the distal surface of the 
trapezium and base of the first metacarpal) (see Fig. 1-8). 
At ail joints, concave articular surfaces mate with corre¬ 
spondu^ convex surfaces. 

When movement occurs at a joint, two types of articu¬ 
lar motion—glide (i.e., slide) and roll—are présent. 4 Both 
glide and roll occur together in varying proportions to 
allow normal joint motion. Glide is a translatory motion 
that occurs when a point on one joint surface contacts 
new points on the opposing surface. Glide at a joint is 
analogous to a car tire sliding over an icy surface when 
the brakes are applied. Roll occurs when new points on 


one joint surface contact new équidistant points on an 
opposing joint surface. Roll is analogous to a car tire roll- 
ing over the ground. 

According to Kaltenborn, 13 decreased motion at a joint 
is due to decreased glide and roll, with glide being the 
more significant motion that is restricted. In the presence 
of decreased joint ROM due to decreased joint glide, an 
appropriate treatment plan to restore normal motion is 
determined based on the therapist's knowledge of the 
normal direction of glide at the joint for the limited joint 
movement. 

The therapist détermines the normal direction of glide 
at a joint for a spécifie movement by the following: 

1. Knowing the shape of the moving articular surface 

(described at the beginning of each chapter). 

2. Observing the direction of movement of the bone dur- 

ing the assessment of the PROM. 

3. Applying the concave-convex rule. 

The concave-convex rule 13 States that: 

a. When a convex joint surface moves on a fixed con¬ 
cave surface, the convex joint surface glides in the 
opposite direction to the movement of the shaft of 
the bone (Fig. 1-21A). 

Example: During glenohumeral joint abduction 
ROM, the shaft of the humérus moves in a superior 
direction and the convex humerai articular surface 
moves in an inferior direction on the fixed concave 
surface of the scapular glenoid fossa. Restricted infe¬ 
rior glide of the convex humerai head would resuit 
in decreased glenohumeral joint abduction ROM. 

b. When a concave joint surface moves on a fixed 
convex surface, the concave joint surface glides in 
the same direction as the movement of the shaft of 
the bone (Fig. 1-21B). 

Example: During knee extension ROM, the shaft 
of the tibia moves in an anterior direction and the 
concave tibial articular surface moves in an anterior 
direction on the fixed convex fémoral articular sur¬ 
face. Restricted anterior glide of the concave tibial 
articular surface would resuit in decreased knee 
extension ROM. 

Arthrokinematics, specifically the glide that accompa- 
nies the bone movement for normal ROM at the extrem- 
ity joints, is identified in subséquent chapters. The nor¬ 
mal joint glide is introduced to facilitate intégration of 
osteokinematic (i.e., bone movement) findings with 
arthrokinematics (i.e., the corresponding motion between 
the joint surfaces) when assessing and measuring ROM of 
the extremity joints. The techniques used to assess and 
restore joint glide are beyond the scope of this text. 

Spin / the third type of movement that occurs 
between articular surfaces is a rotary motion that occurs 
around an axis. During normal joint ROM, spin may 
occur alone or accompany roll and glide. Spin occurs 
alone during flexion and extension at the shoulder 
(Fig. 1-22A) and hip joints, and pronation and supina¬ 
tion at the humeroradial joint (Fig. 1-22B). Spin occurs 
in conjunction with roll and glide during flexion and 
extension at the knee joint. 
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Figure 1-21 Arthrokinematic movement: the concave-convex rule. A. A convex joint surface glides on a fixed concave surface in the 
opposite direction to the movement of the shaft of the bone. B. A concave joint surface glides on a fixed convex surface in the same 
direction as the movement of the shaft of the bone. 



Figure 1-22 Arthrokinematic movement: A. Spin at the glenohumeral joint when the shoulder is flexed or extended. B. Spin at the 
humeroradial joint when the forearm is supinated or pronated. 
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Assessment and 
Measurement of Joint 
Range of Motion 


Contraindications and 
Précautions 

AROM or PROM must not be assessed or measured if con¬ 
traindications to these assessment procedures exist. In 
spécial instances, the assessment techniques may hâve to 
be performed with a modified approach to be employed 
safely. 

AROM and PROM assessment techniques are contrain- 
dicated where muscle contraction (i.e., in the case of 
AROM) or motion of the part (i.e., in the case of either 
AROM or PROM) could disrupt the healing process or 
resuit in injury or détérioration of the condition. A few 
examples are the following: 

1. If motion to the part will cause further damage or 
interrupt the healing process immediately after injury 
or surgery. 

2. If the therapist suspects a subluxation or dislocation or 
fracture. 

3. If myositis ossificans or ectopic ossification is sus- 
pected or présent, AROM and PROM should not be 
undertaken without first ensuring the patient is 
assessed by a professional who has expertise in the 
management of these conditions. 14 

After ensuring no contraindications to AROM or PROM 
exist, the therapist must take extra care when assessing 
AROM and PROM if movement to the part might aggra- 
vate the condition. A few examples are as follow: 

1. In painful conditions. 

2. In the presence of an inflammatory process in a joint 
or the région around a joint. 

3. In patients taking médication for pain or muscle 
relaxants, because the patient may not be able to 
respond appropriately and movement may be per¬ 
formed too vigorously. 

4. In the presence of marked osteoporosis or in condi¬ 
tions where bone fragility is a factor, perform PROM 
with extreme care or not at ail. 

5. In assessing a hypermobile joint. 

6. In patients with hemophilia. 

7. In the région of a hematoma, especially at the elbow, 
hip, or knee. 

8. In assessing joints if bony ankylosis is suspected. 

9. After an injury where there has been a disruption of 
soft tissue (i.e., tendon, muscle, ligament). 

10. In the région of a recently healed fracture. 

11. After prolonged immobilization of a part. 

After ensuring no contraindications to AROM or 
PROM exist, the therapist must take extra care when 


performing AROM assessment where strenuous and 
resisted movement could aggravate or worsen the 
patient's condition. A few examples are as follow: 

1. Following neurosurgery 15 or recent surgery of the 
abdomen, intervertébral dise, or eye 16 ; in patients 
with intervertébral dise pathology, 15 or herniation of 
the abdominal wall; or in patients with a history or 
risk of cardiovascular problems (e.g., aneurysm, fixed- 
rate pacemaker, arrhythmias, thrombophlebitis, 
recent embolus, marked obesity, hypertension, car- 
diopulmonary disease, angina pectoris, myocardial 
infarctions, and cerebrovascular disorders). Instruct 
these patients to avoid the Valsalva maneuver during 
the strength testing procedure. 

Kisner and Colby 15 describe the sequence of events 
in the Valsalva maneuver, which consists of an expi- 
ratory effort against a closed glottis during a strenu¬ 
ous and prolonged effort. A deep breath is taken at 
the beginning of the effort and held by closing the 
glottis. The abdominal muscles contract, causing an 
increase in the intra-abdominal and intrathoracic 
pressures, and blood is forced from the heart, causing 
a temporary and abrupt rise in the arterial blood pres¬ 
sure. The abdominal muscle contraction may also put 
unsafe stress on the abdominal wall. 

To avoid the Valsalva maneuver, instruct the patient 
not to hold his or her breath during the assessment 
of AROM. Should this be difficult, instruct the patient 
to breathe out 17 or talk during the test. 15 

2. If fatigue may be detrimental to or exacerbate the 
patient's condition (e.g., extreme debility, malnutri¬ 
tion, malignancy, chronic obstructive pulmonary dis¬ 
ease, cardiovascular disease, multiple sclerosis, polio- 
myelitis, postpoliomyelitis syndrome, myasthenia 
gravis, lower motor neuron disease, and intermittent 
claudication), strenuous testing should not be carried 
out. Signs of fatigue include complaints or observa¬ 
tion of tiredness, pain, muscular spasm, a slow 
response to contraction, tremor, and a decreased abil- 
ity to perform AROM. 

3. In situations where overwork may be detrimental to 
the patient's condition (e.g., patients with certain 
neuromuscular diseases or systemic, metabolic, or 
inflammatory disease), care should be used to avoid 
fatigue or exhaustion. Overwork 15 is a phenomenon 
that causes a temporary or permanent loss of 
strength in already weakened muscle due to exces- 
sively vigorous activity or exercise relative to the 
patient's condition. 

Assessment of AROM 

Assessment of the AROM can provide the following patient 
information: 

• Willingness to move 

• Level of consciousness 

• Ability to follow instructions 
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• Attention span 

• Coordination 

• Joint ROM 

• Movements that cause or increase pain 

• Muscle strength 

• Ability to perform functional activities 

AROM may be decreased due to the following patient 
factors: 

• Unwillingness to move 

• Inability to follow instructions 

• Restricted joint mobility 

• Muscle weakness 

• Pain 

To perform a scan of the AROM available at the joints of 
the upper and lower limb, instruct the patient to perform 
activities that include movement at several joints simulta- 
neously. Scans of the AROM for the upper and lower 
extremity joints are described and illustrated in this text. 

Example: a scan of upper extremity joint AROM is 
illustrated in Figure 1-23 A and B: instruct the patient to 
try and touch the fingertips of each hand together behind 
the back. 

• As the hand reaches down the back, observe the AROM 
of scapular abduction and latéral (upward) rotation, 
shoulder élévation and external rotation, elbow flexion, 


forearm supination, wrist radial déviation, and finger 
extension. 

• As the hand reaches up the back, observe the AROM of 
scapular adduction and médial (downward) rotation, 
shoulder extension and internai rotation, elbow flex¬ 
ion, forearm pronation, wrist radial déviation, and fin¬ 
ger extension. 

• Elbow extension is observed as the patient moves from 
position A to position B. If required, to scan wrist, fin¬ 
ger, and thumb AROM - instruct the patient to make a 
fist, and then open the hand and spread the fingers as 
far apart as possible. 

The results of the scan(s) are used to guide the need for 
subséquent assessment procedures. 

For a more detailed assessment of the AROM, instruct 
the patient to perform ail of the active movements that 
normally occur at the affected joint (s) and at the joints 
immediately proximal and distal to the affected joint (s). 
Observe the patient's ability to perform each active move¬ 
ment, if possible, bilaterally and symmetrically (Fig. 
1-24A). Bilateral and symmetrical movement allows com- 
parison of the AROM with the unaffected side, if avail¬ 
able. When the patient actively moves through the range, 
emphasize the exactness of the movement to the patient 
so that substitute motion at other joints is avoided. The 
AROM can be measured using a universal goniometer or 
OB "Myrin" goniometer to provide an objective measure 
of the patient's ability to perform functional activity. 

In the presence of full joint movement (i.e., full 
PROM) and muscle weakness, the effect of gravity on the 



Figure 1-23 A and B. End positions: scan of active range of motion (AROM) of the upper 
extremities. 
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Figure 1-24 Assessment and measurement of active range of motion (AROM) using glenohumeral joint 
extension as an example. A. Observe and evaluate the AROM. B. Use an instrument such as a 
universal goniometer to measure the AROM. 


part being moved may affect the AROM. When the part 
is moved in a vertical plane against the force of gravity 
rather than in a horizontal plane when gravity is not a 
factor, the AROM may be less. Consider the patient's posi¬ 
tion and the effect of gravity on the movement to inter- 
pret the AROM assessment findings. 

When manually assessing muscle strength, a grade 
is assigned to indicate the strength of a muscle or mus¬ 
cle group. The grade indicates the strength of a volun- 
tary muscle contraction and the AROM possible rela¬ 
tive to the existing PROM available at the joint. The 
muscle grade assigned to indicate muscle strength 
provides a general indication of the AROM from which 
to extrapolate the patient's functional capability. 
Assessment of muscle strength is discussed in detail 
later in this chapter. 

Assessment of AROM is followed by an assessment of 
PROM and muscle strength. 

Measurement of AROM 

The measurement procedures for the universal goniome¬ 
ter (Fig. 1-24B) and the OB "Myrin" goniometer are 
described in the section "Measurement of ROM," later in 
this chapter. The measurement of AROM may use the 
same or different positions to those used for PROM; for 
example, functional positions or activities may be used to 
measure AROM. When the patient actively moves 
through the range, emphasize the exactness of the move¬ 
ment to the patient so that substitute motion at other 
joints is avoided. 


Assessment of PROM 

Assessment of the PROM provides information about the 
following: 

• Amount of movement possible at the joint 

• Factors responsible for limiting movement 

• Movements that cause or increase pain 

PROM is usually slightly greater than AROM, owing to 
the slight elastic stretch of tissues and in some instances 
due to the decreased bulk of relaxed muscles. However, 
the PROM can also be greater than the AROM in the prés¬ 
ence of muscle weakness. 

To assess the PROM at a joint, for each joint move¬ 
ment, stabilize the proximal joint segment (s) and move 
the distal joint segment (s) through the full PROM (Fig. 
1-25) and do the following: 

• Visually estimate the PROM 

• Détermine the quality of the movement throughout 
the PROM 

• Détermine the end feel and factors that limit the PROM 

• Note the presence of pain 

• Détermine whether a capsular or noncapsular pattern 
of movement is présent 

If the PROM is either less than or greater than normal, 
measure and record the PROM using a goniometer. 

The following concepts and terms are important to 
understanding joint motion restriction when assessing 
PROM. 
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Moves Stabilizes 




Figure 1-25 Assessment of passive range of motion (PROM) using glenohumeral joint extension as an example. A. The patient is 
comfortable, well supported, and relaxed with the joint in the anatomical position. The therapist manually stabilizes the proximal joint 
segment (e.g., scapula) and moves the distal joint segment (e.g., humérus). B. The distal joint segment is moved to the end of PROM 
and gentle overpressure is applied to détermine the end feel. 


Normal Limiting Factors and End Feels 

The unique anatomical structure of a joint détermines the 
direction and magnitude of its PROM. The factors that nor- 
mally limit movement and détermine the range of the 
PROM at a joint include: 

• The stretching of soft tissues (i.e., muscles, fascia, and 
skin) 

• The stretching of ligaments or the joint capsule 

• The apposition of soft tissues 

• Bone contacting bone 

When assessing the PROM of a joint, observe 
whether the range is full, restricted, or excessive, and 
by feel détermine which structure(s) limits the move¬ 
ment. The end feel is the sensation transmitted to the 
therapist's hand at the extreme end of the PROM that 
indicates the structures that limit the joint move¬ 
ment. 18 The end feel may be normal (physiological) or 
abnormal (pathological). 19 


A normal end feel exists when there is full PROM at the 
joint and the normal anatomy of the joint stops movement. 
An abnormal end feel exists when there is either a decreased 
or an increased passive joint ROM or when there is a normal 
PROM, but stmctures other than the normal anatomy stop 
joint movement. Normal and abnormal end feels are pre- 
sented in Tables 1-3 and 1-4. The end feel (s) for joint move- 
ments are documented in subséquent chapters based on 
knowledge of the anatomy of the région, clinical expérience, 
and available references. Although several different end feels 
may be possible for a particular joint motion, only one end 
feel will be présent. When several different end feels are pos¬ 
sible at a joint, this will be indicated using a "/" between 
each possible end feel. For example, the end feel for elbow 
flexion may be soft/firm/hard (i.e., soft, firm, or hard). 

Method to Assess End Feel 

Movement is isolated to the joint being assessed (Fig. 
1-25A). With the patient relaxed, stabilize the proximal 


TABLE 1-3 Normal (Physiological) End Feels 18-20 

End Feel 

General Terminology 
(Spécifie Terminology) 

Description 

Hard 

(Bony) 

A painless, abrupt, hard stop to movement when bone contacts bone; for example, passive 
elbow extension, the olecranon process contacts the olecranon fossa. 

Soft 

(Soft tissue apposition) 

When two body surfaces corne together a soft compression of tissue is felt; for example, in 
passive knee flexion, the soft tissue on the posterior aspects of the calf and thigh corne 
together. 

Firm 

(Soft tissue stretch) 

A firm or springy sensation that has some give when muscle is stretched; for example, 
passive ankle dorsiflexion performed with the knee in extension is stopped due to tension 
in the gastroenemius muscle. 

(Capsular stretch) 

A hard arrest to movement with some give when the joint capsule or ligaments are 
stretched. The feel is similar to stretching a piece of leather; for example, passive 
shoulder external rotation. 
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TABLE 1-4 

Abnormal (Pathological) End Feels 18-20 

End Feel 

Description 

Hard 

An abrupt hard stop to movement, when bone contacts bone, or a bony grating sensation, when rough 
articular surfaces move past one another, for example, in a joint that contains loose bodies, degenerative 
joint disease, dislocation, or a fracture. 

Soft 

A boggy sensation that indicates the presence of synovitis or soft tissue edema. 

Firm 

A springy sensation or a hard arrest to movement with some give, indicating muscular, capsular, or 
ligamentous shortening. 

Springy 

block 

A rebound is seen or felt and indicates the presence of an internai dérangement; for example, the knee 
with a torn meniscus. 

Empty 

If considérable pain is présent, there is no sensation felt before the extreme of passive ROM as the patient 
requests the movement be stopped, this indicates pathology such as an extra-articular abscess, a 
neoplasm, acute bursitis, joint inflammation, or a fracture. 

Spasm 

A hard sudden stop to passive movement that is often accompanied by pain, is indicative of an acute or 
subacute arthritis, the presence of a severe active lésion, or fracture. If pain is absent a spasm end feel 
may indicate a lésion of the central nervous System with résultant increased muscular tonus. 


joint segment and move the distal joint segment to the 
end of its PROM for the test movement (Fig. 1-25B). 
Apply gentle overpressure at the end of the PROM and 
note the end feel. 

When assessing the PROM at a joint, in addition to 
determining the end feel, visually estimate the available 
PROM for each movement at the joint, and establish the 
presence or absence of pain. 

Capsular and Noncapsular Patterns 

If there is a decreased PROM, assess the pattern of joint 
movement restriction. The description of capsular and non¬ 
capsular patterns is derived from the work of Cyriax. 18 

Capsular Pattern 

If a lésion of the joint capsule or a total joint reaction is 
présent, a characteristic pattern of restriction in the 
PROM will occur: the capsular pattern. Only joints that 
are controlled by muscles exhibit capsular patterns. 
When painful stimuli from the région of the joint pro- 
voke involuntary muscle spasm, a restriction in motion 
at the joint in the capsular proportions results. Each joint 
capsule resists stretching in sélective ways; therefore, in 
time, certain aspects of the capsule become more con- 
tracted than others do. The capsular pattern manifests as 
a proportional limitation of joint motions that are char¬ 
acteristic to each joint; for example, the capsular pattern 
of the shoulder joint differs from the pattern of restric¬ 
tion at the hip joint. The capsular pattern at each joint is 
similar between individuals. Joints that rely primarily on 
ligaments for their stability do not exhibit capsular pat¬ 
terns, and the degree of pain elicited when the joint is 
strained at the extreme of movement indicates the sever- 
ity of the total joint reaction or arthritis. The capsular 
pattern for each joint is provided in each chapter, with 


movements listed in order of restriction (most restricted 
to least restricted). However, be advised that research 21-23 
indicates capsular patterns may not be relied upon as 
much as previously thought. 

Noncapsular Pattern 

A noncapsular pattern exists when there is limitation of 
movement at a joint but not in the capsular pattern of 
restriction. A noncapsular pattern indicates the absence 
of a total joint reaction. Ligamentous sprains or adhe¬ 
sions, internai dérangement, or extra-articular lésions 
may resuit in a noncapsular pattern at the joint. 

Ligamentous sprains or adhesions affect spécifie 
régions of the joint or capsule. Motion is restricted and 
there is pain when the joint is moved in a direction that 
stretches the affected ligament. Other movements at the 
joint are usually full and pain-free. 

Internai dérangement occurs when loose fragments of 
cartilage or bone are présent within a joint. When the 
loose fragment impinges between the joint surfaces, the 
movement is suddenly blocked and there may be local- 
ized pain. Ail other joint movements are full and pain- 
free. Internai dérangements occur in joints such as the 
knee, jaw, and elbow. 

Extra-articular lésions that affect nonarticular struc¬ 
tures, such as muscle adhesions, muscle spasm, muscle 
strains, hematomas, and cysts, may limit joint ROM in 
one direction while a full and painless PROM is présent 
in ail other directions. 

Measurement of ROM 

Instrumentation 

A goniometer is an apparatus used to measure joint 
angles. 7 The goniometer chosen to assess joint ROM 
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Figure 1-26 Various sizes of 180° and 360° universal goniometers. 


dépends on the degree of accuracy required in the mea¬ 
surement, the time, and resources available to the clini- 
cian, and the patient's comfort and well-being. 
Radiographs, digital images, photographs, photocopies, 
and the use of the electrogoniometer, flexometer, or 
plumb line may give objective, valid, and reliable mea- 
sures of ROM but are not always practical or available in 
the clinical setting. When doing clinical research, the 
therapist should investigate alternative instruments that 
will offer a more stringent assessment of joint ROM. 

In the clinical setting, the universal goniometer (Figs. 
1-26 and 1-27) is the goniometer most frequently used to 
measure ROM for the extremity joints. In this text, the 
universal goniometer is described and illustrated for the 
measurement of the ROM for the joints of the extremities 
and spine. The OB "Myrin" goniometer 24 (OB Rehab, 
Solna, Sweden) (Fig. 1-28), although less commonly used 
in the clinic, is a useful tool and is described and illus¬ 
trated for the measurement of selected ROM at the fore- 
arm, hip, knee, and ankle. 

The universal goniometer, tape measure (Fig. 1-29), 
standard inclinometer (Fig. 1-30), and the Cervical Range- 
of-Motion Instrument (CROM) 25 (Performance Attainment 
Associates, Roseville, MN) (Fig. 1-31), are the tools used to 
measure spinal AROM as presented in this text. AROM 
measurements of the temporomandibular joints (TMJs) are 
performed using a ruler or calipers. These instruments and 
the measurement procedures employed when using these 
instruments to measure spinal and TMJ AROM are 
described and illustrated in Chapter 9. 

Validity and Reliability 

Validity 

Validity is "the degree to which an instrument measures 
what it is supposed to measure ". 26(p - 171) Validity indicates 
the accuracy of a measurement. A goniometer, inclinom¬ 
eter, or tape measure is used to provide measurements of 
the number of degrees or distance in centimeters, of 
movement or the position of a joint. Measurements must 


Figure 1-27 Universal goniometer with a 180° protractor. 
Top: range of motion (ROM) cannot be read as the 
cutaway portion of the movable arm is off the scale. 
Bottom: With the cutaway portion of the movable arm on 
the scale, the ROM can be read. 



Figure 1-28 The OB goniometer, a compass/inclinometer, 
includes Velcro straps and plastic extension plates used to attach 
the goniometer to the body part being measured. 



Figure 1-29 Tape measures used to measure joint range of 
motion (ROM). 
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Figure 1-30 Standard inclinometers with adjustable contact 
points to facilitate placement on the surface of the body. 


be accurate because the results, taken to be valid repré¬ 
sentations of actual joint angles, are used to plan treat- 
ment and détermine treatment effectiveness, patient 
progress, and degree of disability. 

Criterion-related validity is one means of assessing the 
accuracy of the instruments for assessing joint angles or 
positions. To establish this validity, the measures of the 
instrument being assessed are compared to the measures 
obtained with an instrument that is an accepted standard 
(criterion) for the measurement of joint angles; for exam¬ 
ple, a radiograph. When the supporting evidence from 
the accepted standard is collected at the same time as the 
measurement from the test instrument, concurrent valid¬ 
ity is assessed. If a close relationship is found between the 
measures obtained with the instrument and the accepted 
standard, the instrument measures are valid. 

Reliability 

Reliabïlity is "the extent to which the instrument yields the 
same measurement on repeated uses either by the same 
operator (intraobserver reliability) or by different operators 
(interobserver reliability)". 27(p 49) Reliability indicates the 
consistency or repeatability of a measurement. 

The therapist measures ROM and compares measure- 
ments taken over time to evaluate treatment effectiveness 
and patient progress. It is important for the therapist to 
know that joint position and ROM can be measured con- 
sistently (i.e., with minimal déviation due to measure- 



Figure 1-31 The Cervical-Range-of-Motion Instrument (CROM) 
consists of two gravity inclinometers, a magnetic compass 
inclinometer, and a magnetic yoke. 


ment error). If this is possible, then in comparing ROM 
measurements, the similarity or divergence between the 
measures can be relied on to indicate when a true change 
has occurred that is not due to measurement error or lack 
of measurement consistency. 

The universal goniometer and OB "Myrin" goniometer 
are described here, along with the validity and reliability 
of the universal goniometer. Validity and reliability of the 
tape measure/ruler, inclinometer, and the CROM is dis- 
cussed in Chapter 9, along with the description and appli¬ 
cation of these instruments. 

Universal Goniometer 

The universal goniometer (see Figs. 1-26 and 1-27) is a 180° 
or 360° protractor with one axis that joins two arms. One 
arm is stationary and the other arm is movable around 
the axis or fulcrum of the protractor. The size of universal 
goniometer used is determined by the size of the joint 
being assessed. Larger goniometers are usually used for 
measurement of joint range at large joints. 

Validity and Reliability—Universal Goniometer 

Radiographs, "the most accurate means of assessing joint 
motion", 28(p - 116) and photographs are accepted standards 
used for comparison to détermine the accuracy of the 
universal goniometer. When the supporting evidence 
from the radiographs or photographs is collected at the 
same time as the measurement from the universal goni¬ 
ometer, concurrent validity can be assessed. 

There has been little study of the criterion-related valid¬ 
ity of the universal goniometer. Using x-ray bone angle 
measurements compared to goniometric measurements of 
knee joint position, 29 ' 30 high criterion-related validity has 
been found, along with disparate findings of goniometric 
accuracy in only a small part of the range, thought to be 
due to the increased complexity of movement in approach- 
ing terminal extension. Using a photographie reference 
standard to assess elbow joint positions, the "results indi¬ 
cate that relatively inexperienced raters should be able to 
use goniometers accurately to measure elbow position 
when given standardized methods to follow". 31(p - 1666) 
Reliability of joint position and ROM using the uni¬ 
versal goniometer dépends on the joint being assessed 
but has generally been found to be good to excellent. 
Reliability study results indicate that: 

1. The universal goniometer is more reliable than Visual 
estimation of joint ROM. 32-37 The use of the goniome¬ 
ter becomes even more critical when the examiner is 
inexperienced. 36 ' 38 

2. The reliability of goniometric measurement varies 
depending on the joint and motion assessed. 34 ' 39-42 

3. Intratester reliability is better than intertester reliabil¬ 
ity; therefore, the same therapist should perform ail 
measures when possible. 32 ' 33,39 ' 40 ' 43-45 Different therapists 
should not be used interchangeably to obtain ROM 
measurements on the same patient unless the intert¬ 
ester reliability is known. 46 

4. The size of the goniometer selected to assess ROM at a 
joint does not affect measurement reliability. 47,48 
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5. The findings are mixed on whether taking the average 
of repeated measures improves 33,44,49 or makes no différ¬ 
ence to 41 ' 42,47 ' 50 the reliability of goniometric measures. 

6. Research 50 " 56 regarding the reliability of goniometric 
measurement in the presence of spasticity appears 
inconclusive. 

Joint ROM can be measured reliably using a univer¬ 
sal goniometer when preferably the same therapist 
performs the repeated measures using a "rigid stan- 
dardized measurement protocol", 43(p 57) in the absence 
of spasticity. Miller 28 provides a method for clinicians to 
détermine the intratester and intertester reliability within 
their clinical facility. Knowing the measurement error fac¬ 
tor allows therapists to better détermine patient progress. 

Joint ROM Assessment and 
Measurement Procedure 

Expose the Area 

Explain to the patient the need to expose the area to be 
assessed. Adequately expose the area and drape the 
patient as required. 

Explanation and Instruction 

Briefly explain the ROM assessment and measurement 
procedure to the patient. Explain and demonstrate the 
movement to be performed and/or passively move the 
patient's uninvolved limb through the ROM. 

Assessment of the Normal ROM 

Initially assess and record the ROM of the uninvolved 
limb to détermine the patient's normal ROM and normal 
end feels, and to demonstrate the movement to the 
patient before performing the movement on the involved 
side. If there is bilateral limb involvement, use your 
clinical knowledge and expérience to judge the patient's 
normal PROM, keeping in mind that PROM is usually 
slightly greater than the AROM. 


Use the tables of normal AROM values provided by the 
American Academy of Orthopaedic Surgeons 57 and the sug- 
gested normal AROM values derived from an évaluation of 
the research literature by Berryman Reese and Bandy, 58 as a 
guide to normal AROM. These "normal" AROM values are 
presented in table form at the beginning of each chapter. 

"Normal" ranges can be misleading because joint 
ROM can vary between individuals depending on gender, 
âge, occupation, and health status. 59 Therefore, "normal" 
ranges should be used only as a guide when assessing and 
treating patients. More importantly, détermine the essen- 
tial functional ROM required by the patient to perform 
activities of daily living (ADL) and the patient's ability to 
meet these requirements. 

Assessment and Measurement Procedure 

Patient Position. Ensure the patient is: 

• Comfortable. 

• Well supported. 

Position the patient so that the: 

• Joint to be assessed is in the anatomical position. 

• Proximal joint segment can be stabilized to allow only 
the desired motion. 

• Movement can occur through the full ROM unrestricted. 

• Goniometer can be properly placed to measure the ROM. 

If the patient's position varies from the standard 
assessment position outlined in this text, make a spécial 
note on the ROM assessment form. 

Substitute Movements. When assessing and measuring 
AROM and PROM, ensure that only the desired movement 
occurs at the joint being assessed. Substitute movements 
may take the form of additional movements at the joint 
being assessed or at other joints, thus giving the appear- 
ance of having a greater joint ROM than is actually prés¬ 
ent. An example of substitute movements used when per¬ 
forming a functional activity is illustrated in Figure 1-32. 



Figure 1-32 A. Patient reaches into a back pocket using normal right upper 
extremity. B. Substitute motions at the left shoulder girdle and trunk 
compensate for restricted left shoulder joint range of motion (ROM) as the 
patient attempts to reach into a back pocket. 
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Figure 1-33 The weight of the trunk on the plinth serves to 
stabilize the scapula as the therapist measures the passive range 
of motion (PROM) of shoulder élévation through flexion. 


7 * 





Figure 1-34 The weight of the trunk and position of the pelvis on 
a firm surface serves to stabilize the pelvis as the therapist 
assesses hip internai rotation passive range of motion (PROM) 
and end feel. 


When assessing and measuring AROM and PROM, try 
to eliminate substitute movements. For AROM, this may 
be accomplished through adéquate explanation and 
instruction to the patient regarding the movement to be 
performed and the substitute movement(s) to be avoided. 
In addition, substitute motion(s) may be avoided for 
AROM and PROM by the following: 

• Using proper patient positioning 

• Adequately stabilizing the proximal joint segment as 
required 

• Acquiring substantial practice in assessing AROM and 
PROM 

To assess joint ROM accurately, the therapist must 
know and recognize the possible substitute movements. 
If the presence of substitute movements results in inac- 
curate AROM or PROM assessment and measurement, the 
treatment plan may be inappropriate. 


Stabilization. Stabilize the proximal joint segment to limit 
movement to the joint being assessed or measured and 
prevent substitute movement for lack of joint range by 
making use of the following: 

1. The patient's body weight. 

Examples: 

• To measure shoulder élévation through flexion 
PROM, position the patient supine on a firm plinth 
so that the weight of the trunk stabilizes the shoul¬ 
der girdle (Fig. 1-33). 

• To assess hip internai rotation PROM, position the 
patient supine on a firm plinth so that the weight of 
the body stabilizes the pelvic girdle (see Fig. 1-34). 

2. The patient's position. 

Example: 

• To assess hip abduction ROM (Fig. 1-35), position 
the patient supine on a firm plinth with the contra¬ 
latéral leg over the opposite side of the plinth and 
the foot resting on a stool. This leg position prevents 
the tilting or shifting of the pelvis toward the test 
side, which would give the appearance of a greater 
hip abduction PROM than actually exists. 

3. External forces in the form of external pressure applied 
directly by the therapist and devices such as belts or 
sandbags. Ensure that manual contacts or devices avoid 
tender or painful areas, for example, in some viral dis- 
eases (i.e., poliomyelitis) muscle bellies may be tender. 

Examples: 

• Manually stabilize the pelvis to assess hip extension 
PROM (Fig. 1-36) and employ a belt to stabilize the 
pelvis when both hands are needed to place the goni- 
ometer to measure hip extension PROM (Fig. 1-37). 

• Manually stabilize the tibia and fibula to assess ankle 
(i.e., talocrural) joint dorsiflexion and plantarflexion 
PROM (Fig. 1-38). 

Assessment of Passive ROM and End Feel. With the 
patient relaxed, positioned comfortably on a firm surface, 
and the joint in anatomical position: 

• Stabilize the proximal joint segment (see Fig. 1-39A) 

• Move the distal joint segment to the end of the PROM 
for the test movement (see Fig. 1-39B and apply slight 
(i.e., gentle) overpressure at the end of the PROM 

• Visually estimate the PROM 

• Note the end feel, presence of pain 

• Return the limb to the start position 

• Following the assessment of the PROM for ail move¬ 
ments at a joint, détermine the presence of a capsular 
or noncapsular pattern of movement. 

Measurement. It is not necessary to measure the joint 
ROM when the involved joint has a full AROM and 
PROM. Record the full ROM as full, normal (N), or within 
normal limits (WNL). 

The neutral zéro method 57 is used to assess and measure 
joint ROM. Ail joint motions are measured from a defined 
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Figure 1-35 The position of the patient’s nontest leg stabilizes the 
pelvis when testing hip abduction passive range of motion 
(PROM). 



Figure 1-36 The therapist applies external pressure to stabilize the 
pelvis to assess hip extension passive range of motion (PROM). 



Figure 1-37 A belt may be used to stabilize the pelvis to measure 
hip joint extension passive range of motion (PROM). 



Figure 1-38 The therapist manually stabilizes the tibia and fibula 
proximal to the ankle joint to measure ankle dorsiflexion and 
plantarflexion passive range of motion (PROM). 




Figure 1-39 Assessment of passive range of motion (PROM) using glenohumeral joint extension as an example. A. The patient is 
comfortable, well supported, and relaxed with the joint in the anatomical position. The therapist manually stabilizes the proximal joint 
segment (e.g., scapula) and moves the distal joint segment (e.g., humérus). B. The distal joint segment is moved to the end of joint PROM 
and gentle overpressure is applied to détermine the end feel. 
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Figure 1-40 Measurement of passive range of motion (PROM) using glenohumeral joint extension as an example. A. Start position: the 
universal goniometer is aligned with the joint in anatomical position (0°). B. End position: measurement of shoulder extension PROM (60°). 


zéro position, either the anatomical position (see Figs. 
1-14 to 1-16) or a position specified as zéro. Any move- 
ment on either side of zéro is positive and moves toward 
180°. 


Measurement Procedure—Universal 
Goniometer 

• Goniometer placement: The preferred placement of the 
goniometer is latéral to the joint, just off the surface 
of the limb (see Fig. 1-40), but it may also be placed 
over the joint (see Fig. 1-41) using only light contact 
between the goniometer and the skin. If joint swelling 
is présent, placing the goniometer over the joint may 
give erroneous results when assessing joint ROM as 
the degree of swelling changes. 

• Axis: The axis of the goniometer is placed over the axis 
of movement of the joint. A spécifie bony prominence 
or anatomical landmark can be used to represent the 
axis of motion, even though this may not represent the 


exact location of the axis of movement throughout the 
entire ROM. 

• Stationary arm: The stationary arm of the goniometer 
normally lies parallel to the longitudinal axis of the 
fixed proximal joint segment and/or points toward a 
distant bony prominence on the proximal segment. 

• Movable arm: The movable arm of the goniometer nor¬ 
mally lies parallel to the longitudinal axis of the mov- 
ing distal joint segment and/or points toward a distant 
bony prominence on the distal segment. If careful 
attention is paid to the correct positioning of both 
goniometer arms and the positions are maintained as 
the joint moves through the ROM, the goniometer 
axis will be aligned approximately with the axis of 
motion. 59 

The goniometer is first aligned to measure the defined 
zéro position for the ROM at a joint (see Figs. 1-40A and 
1-41A). If it is not possible to attain the defined zéro posi¬ 
tion, the joint is positioned as close as possible to the zéro 
position, and the distance the movable arm is positioned 



Figure 1-41 A. Start position (0°) for metacarpophalangeal (MCP) joint flexion with the universal goniometer placed over the dorsum of 
the MCP joint. B. End position: MCP flexion PROM (90°) with the goniometer aligned over the joint. 
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away from the 0° start position on the protractor is 
recorded as the start position. 

To Measure AROM. To measure the AROM, hâve the 
patient move actively through the full AROM and either 
move the movable arm of the goniometer along with the 
limb through the entire range of movement to the end of 
the AROM, or realign the goniometer at the end of the 
AROM (see Fig. 1-24B). 

To Measure PROM. One of the following two techniques 
is used to measure the PROM at a joint: 

1. Hâve the patient actively move through the joint 
ROM, and realign the goniometer at the end of the 
AROM. Hâve the patient relax and passively move the 
goniometer and the limb segment through the final 
few degrees of the PROM. 

2. Passively move the movable arm of the goniometer 
and the limb segment through the entire range of 
movement to the end of the PROM. 

Using either technique, the distance the movable arm 
moves away from the 0° start position on the protractor 
is recorded as the joint ROM. When using a goniometer 
with a 180° protractor (see Fig. 1-27), ensure the goniom¬ 
eter is positioned such that the cutaway portion of the 
moving arm remains on the protractor so that the ROM 
can be read at the end of the assessed joint ROM. 

To avoid parallax when reading a goniometer, look 
directly onto the scale and view the scale with both eyes 
open or by closing one eye. Be consistent and use the 
same methodology on subséquent readings. 

Proficiency in assessing and measuring joint ROM is 
gained through practice. It is important to practice the 
techniques on as many persons as possible to become 
familiar with the variation between individuals. 


OB “Myrin” Goniometer 

The OB "Myrin" goniometer (see Fig. 1-28), a compass 
inclinometer, consists of a fluid-filled rotatable container 
mounted on a plate. 24 The container has the following: 

• A compass needle that reacts to the Earth's magnetic 
field and measures movements in the horizontal plane. 

• An inclination needle that is influenced by the force of 
gravity and measures movements in the frontal and 
sagittal planes. 

• A scale on the container floor is marked in 2° incré¬ 
ments. 

Two straps with Velcro fastenings are supplied to 
attach the goniometer to the body segment, and two 
plastic extension plates are also supplied to position the 
goniometer for certain joint measurements. 24 When using 
the OB goniometer, magnetic fields other than those of 
the earth will cause the OB goniometer compass needle 
to deviate, and therefore must be avoided. 

The advantages of using the OB goniometer for mea¬ 
suring joint ROM are as follow: 

• It is not necessary to align the inclinometer with the 
joint axis. 


• Rotational movements using a compass inclinometer 
are measured with ease. 

• Assessment of trunk and neck ROM is measured with 
ease. 

• There is little change in the alignment of the goniom¬ 
eter throughout the ROM. 

• PROM is more easily assessed using the OB goniometer, 
as the therapist does not hâve to hold the goniometer 
and can stabilize the proximal joint segment with one 
hand and passively move the distal segment with the 
other. 

The disadvantages of the OB goniometer are as follow: 

• It is expensive and bulky compared to the universal 
goniometer. 

• It cannot be used to measure the small joints of the 
hand and foot. 

• Magnetic fields other than those of the earth will cause 
the compass needle to deviate and must be avoided. 

Measurement Procedure—OB 
“Myrin” Goniometer 

• Velcro strap and/or plastic extension plate: Apply the 
Velcro strap to the limb segment proximal or distal to 
the joint being assessed. Attach the appropriate plastic 
extension plate to the Velcro strap for some ROM mea¬ 
surements. 

• OB Goniometer: Attach the goniometer container to the 
Velcro strap or the plastic extension plate. The goniom¬ 
eter is positioned in relation to bony landmarks and 
placed in the same location on successive measure¬ 
ments. 60 With the patient in the start position, rotate the 
fluid-filled container until the 0° arrow lines up directly 
underneath either the inclination needle, if the move¬ 
ment occurs in a vertical plane (i.e., the frontal or sagit¬ 
tal planes) (Fig. 1-42A), or the compass needle, if the 
movement occurs in the horizontal plane 24 (Fig. 1-43). 

• Ensure the needle is free to swing during the measure¬ 
ment. 24 Do not deviate the goniometer during the mea¬ 
surement by touching the strap or goniometer dial or 
by applying hand pressure to change the contour of the 
soft tissue mass near the OB goniometer. 

• At the end of the AROM or PROM, the number of 
degrees the inclination needle (Fig. 1-42B) or the com¬ 
pass needle (Fig. 1-44) moves away from the 0° arrow 
on the compass dial is recorded as the joint ROM. 

• The OB goniometer is especially useful for measuring 
forearm supination and pronation, tibial rotation, and 
hamstring and gastrocnemius muscle length. The ROM 
measurements of these movements are described and 
illustrated in this text as examples of how to apply the 
OB goniometer. 

Sources of Error in Measuring Joint ROM 

Read the goniometer scale carefully to avoid erroneous 

ROM measurements. Sources of error to be avoided when 

measuring joint ROM are 61 the following: 
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Figure 1-42 A. Start position: length of hamstrings utilizing the OB goniometer. B. End position: OB goniometer 
measurement of hip flexion angle, that indirectly represents the hamstrings length. 



Figure 1-43 A and B. Start position for total tibial rotation: tibial internai rotation. 
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Figure 1-44 A and B. End position for total tibial rotation: tibial external rotation. 


• Reading the wrong side of the scale on the goniometer 
(e.g., when the goniometer pointer is positioned mid- 
way between 40° and 50°, reading the value of 55° 
rather than 45°). 

• A tendency to read values that end in a particular digit, 
such as zéro (i.e., "_0°"). 

• Having expectations of what the reading "should be" 
and allowing this to influence the recorded resuit. For 
example, the patient has been attending treatment for 
2 weeks and the therapist expects and sees an improve- 
ment in the ROM that is not actually présent. 

• A change in the patient's motivation to perform. 

• Taking successive ROM measurements at different 
times of the day. 

• Measurement procedure error: Make sure sources of 
error do not occur or are minimized so that ROM mea¬ 
surements are reliable and the patient's progress will be 
accurately monitored. 

For reliable ROM measurements the following are essen- 

tial: 

• The same therapist should assess the ROM. 

• Assess the ROM at the same time each day. 

• Use the same measuring tool. 

• Use the same patient position. 

• Follow a standard measurement protocol. 59 

• Treatment may affect ROM; therefore, assess the ROM 
in a consistent manner relative to the application of 
treatment techniques. 


If upper or lower extremity ROM is measured by the same 
therapist , a 3° or 4° increase in the ROM indicates improve- 
ment. 42 If different therapists measure the ROM , an increase 
of more than 5° for the upper extremity and 6° for the lower 
extremity would be needed to indicate progress. 42 

Recording of ROM 
Measurement 

Standard information on a ROM recording form include 
the following: 

• Patient name 

• Date of birth or âge 

• Diagnosis 

• Date of examination 

• Assessing therapist's name, signature, and credentials 

• Type of ROM being recorded, that is, AROM or PROM. 

Different conventions are used internationally when 
listing the date numerically (either day/month/year or 
month/day/year); to ensure clear communication when 
recording dates, write the month in full or abbreviated 
form, as shown in Figures 1-45 and 1-46. 

Numerical or pictorial charts are used to record ROM. 
See Figure 1-45 and Appendix A for examples of a numer¬ 
ical recording form; Figure 1-46 gives examples of selected 
joint motion recordings from a pictorial recording form. 

If the AROM and PROM are full, the joint ROM does 
not hâve to be measured with a goniometer or tape mea¬ 
sure and the ROM may be recorded as full, normal (N), 
within normal limits (WNL), or numerically. 
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Patient's Name 
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Figure 1-45 Example of recording range of motion (ROM) using a numeric recording form. 
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Figure 1-46 Examples of recording range of motion (ROM) using a pictorial recording form: (A) right shoulder flexion and extension, (B) 
right elbow flexion and extension/hyperextension, and (C) left hip internai and external rotation. The use of shading to show the available 
elbow flexion ROM is illustrated in B. 
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If the ROM is less than or greater than the normal 
ROM, the existing ROM is indicated on a pictorial chart, 
or the number of degrees of motion is recorded on a 
numerical chart. 

Every space on the ROM recording form should 
include an entry. 8 If the measurement was not performed, 
not tested (NT) should be entered and a line may be 
drawn from the first such entry to the end of several adja¬ 
cent entries so that NT does not hâve to be recorded in 
every space. 8 

Any changes from the standard method of assessing 
joint ROM as presented in this text should be noted on 
the assessment form. 

The ranges of motion are recorded on the numerical 
chart as follow (Fig. 1-45). 

• When it is possible to begin the movement at the 0° 
start position, the ROM is recorded by writing the num¬ 
ber of degrees the joint has moved away from 0°—for 
example, right shoulder élévation through flexion (i.e., 
shoulder flexion) 160° or 0°-160°, right knee flexion 
75° or 0°-75°, right knee extension 0°. 

• When it is not possible to begin the movement from the 
0° start position, the ROM is recorded by writing the 
number of degrees the joint is away from the 0° at the 
beginning of the ROM, followed by the number of 
degrees the joint is away from 0° at the end of the ROM— 
for example, the patient cannot achieve 0° right elbow 
extension due to a contracture (abnormal shortening) of 
the elbow flexor muscles; the end feel is firm. More spe- 
cifically, the right elbow cannot be extended beyond 10° 
of elbow flexion and can be flexed to 120°. The ROM 
would be recorded as right elbow flexion 10°-120°. 

• For a joint that is in a fixed position or ankylosed, this 
is recorded on the chart along with the position of the 
joint. 

On pictorial charts (Fig. 1-46), the therapist extends 
lines from the joint axis on the diagram to the appropri- 
ate number of degrees marked on the arc of movement at 
the start and end positions for the movement. The area 
between the two lines may be shaded in to provide a 
Visual image of the ROM (see Fig. 1-46B). The date is 
recorded at the end of each line drawn to a degree mark- 
ing on the arc of movement. 

Figure 1-46 provides examples of ranges of motion 
recorded using a pictorial chart for the following: 

• Right shoulder élévation through flexion (i.e., shoulder 
flexion) 160° or 0°-160° and right shoulder extension 
60° or 0°-60° as assessed on July 12, 2011. The patient 
was reassessed on August 2, 2011, and the ROM for 
right shoulder élévation through flexion increased to 
170° or 0°-170°, and there was no change in the ROM 
for right shoulder extension. 

• Right elbow flexion 10°-120° assessed on July 12, 2011. 

• The July 12, 2011 assessment of left hip external rota¬ 
tion of 30° or 0°-30° and left hip internai rotation of 
45° or 0°-45°. 

The SFTR Method 62 is a less commonly used method of 
recording joint ROM. The letters S, F, and T represent the 


plane of motion (sagittal, frontal, and transverse, respec- 
tively; see Fig. 1-13) of the joint ROM assessed; the R rep- 
resents rotational motions. To record ROM, the letter 
identifying the plane of motion or rotational motion is 
noted. The letter is followed by three numbers that repre¬ 
sent the start position, 0° with normal movement, and 
the ROM présent on either side of the start position. The 
start position is recorded as the middle number. The ROM 
présent on either side of the start position is recorded 
before and after the start position using the conventions 
indicated below. 62 If a joint is ankylosed, only two num¬ 
bers are recorded, 0° and the joint position to either the 
right or left of 0° using the conventions. 

Conventions and examples of recording ROM using 
the SFTR method are as follows: 

• Motion occurring in the S (i.e., sagittal plane) is exten¬ 
sion and flexion. The number to the left of the start 
position represents extension ROM, and the number to 
the right represents flexion ROM. 

Example: Shoulder left S:60-0-180° right S:60-0-80°. 

Interprétation: Feft shoulder ROM is WNF, with 60° 
extension and 180° shoulder élévation through flexion. 
Right shoulder extension is 60° and shoulder élévation 
through flexion 80°. 

Example: Elbow left S:0-0-150° right S: 0-10-120°. 

Interprétation: The ROM recorded indicates motion in the 
sagittal plane. Feft elbow ROM is WNF with a start posi¬ 
tion of 0°, 0° extension, and 150° flexion. Right elbow 
extension and flexion has a start position of 10°, elbow 
flexion is 10° to 120°, or right elbow flexion is 120°. 

Example: Knee right S: 0-15°. 

Interprétation: The use of only two numbers indicates 
the knee joint is ankylosed. The S indicates the anky¬ 
losed position is in the sagittal plane; therefore, the 
joint is in either an extended or flexed position. The 
number is to the right of the 0 and by convention 
represents flexion. Thus, the knee is ankylosed in 15° 
flexion. 

• Motion occurring in the F (i.e., frontal plane) is abduc¬ 
tion and adduction. The number to the left of the start 
position represents abduction, eversion, or left spinal 
latéral flexion ROM and the number to the right of the 
start position represents adduction, inversion, or right 
spinal latéral flexion ROM. 

Example: Hip right F:45-0-30°. 

Interprétation: Right hip abduction is 45° and adduction 
is 30°. 

• Motion occurring in the T (i.e., transverse plane) is 
horizontal abduction and horizontal adduction, and 
retraction and protraction. The number to the left of 
the start position represents horizontal abduction or 
retraction ROM and the number to the right of the start 
position represents horizontal adduction or protraction 
ROM. 

Example: Shoulder left T(F90):35-0-90°. 

Interprétation: (F90) following the T indicates frontal 
plane 90°, meaning the motions of horizontal abduction 
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Figure 1-47 Knee flexion places the two-joint hamstring 
muscles on slack so that hip flexion range of motion 
(ROM) is not restricted by the length of the hamstrings. 



Figure 1-48 Passive insufficiency of the hamstring muscles. Hip 
flexion range of motion (ROM) is limited by the length of the 
hamstring muscles when the knee joint is held in extension. 


and adduction were performed with the left shoulder in 
a start position of 90° abduction. Left shoulder horizon¬ 
tal abduction is 35° and horizontal adduction is 90°. 

• An R indicates rotational motion. The number left of 
the start position represents external rotation, forearm 
supination, or spinal rotation to the left. The number 
right of the start position represents internai rotation, 
forearm pronation, or spinal rotation to the right. 

Example: Hip right R(S90):45-0-30°. 

Interprétation: The (S90) after the R indicates hip rota¬ 
tion was measured with the hip in the sagittal plane 
90° (i.e., with the hip flexed 90°). Right hip external 
rotation ROM is 45° and internai rotation is 30°. 

Assessing and Measuring Joint ROM with a 
Two- or Multi-joint Muscle in the Région 

If during the assessment of joint ROM the movement will 
lengthen or stretch a two- or multi-joint muscle, move 
the nontest joint crossed by the muscle into position so 
that the two-joint or multi-joint muscle is placed on 
slack. This prevents the muscle from becoming passively 
insufficient and restricting the assessed joint ROM. 

Example: When the hip is flexed to assess hip flexion 
ROM (Fig. 1-47), the knee is positioned in flexion to place 
the hamstrings on slack and prevent restriction of the hip 
flexion ROM due to passive insufficiency of the ham¬ 
strings (Fig. 1-48). 

Passive joint ROM must be assessed before assessing 
muscle strength. The full available PROM at the joint 
then becomes the range the muscle(s) can be expected 
to move the limb through, and is therefore defined as 


the full available ROM for the purpose of grading mus¬ 
cle strength. 


Assessment and 
Measurement of 
Muscle Length 


To assess and measure the length of a muscle, passively 
stretch (i.e., lengthen) the muscle across the joint(s) 
crossed by the muscle. When the muscle is on full 
stretch, the end feel will be firm, and the patient will 
report a pulling sensation or pain in the région of the 
muscle. Use a universal goniometer, inclinometer (e.g., 
OB goniometer), or tape measure to measure the PROM 
possible at the last joint moved to place the muscle on 
full stretch, or note any observed limitation in joint 
PROM due to muscle tightness. The PROM measurement 
indirectly represents the length of the shortened muscle. 
Retesting the joint PROM with the nontest joint crossed 
by the muscle placed into position so that the two- or 
multi-joint muscle is on slack, will normally resuit in an 
increased PROM at the joint. Procedures used to assess 
and measure spécifie muscle length are described and 
illustrated for each joint complex in Chapters 3-9. 

One-Joint Muscle 

To assess and measure the length of a muscle that crosses 
one joint, the joint crossed by the muscle is positioned so 
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Figure 1-49 A. Hip abduction places the one-joint hip adductor muscles on stretch. B. Goniometer measurement: length of the hip 
adductors as the muscles limit hip abduction passive range of motion (PROM). 


that the muscle is lengthened across the joint. The posi¬ 
tion of the joint is measured and this represents an indi¬ 
rect measure of the muscle length. The end feel will be 
firm. 

Example: To assess and measure the length of the one- 
joint hip adductor muscles, passively abduct the hip to 
the limit of range to place the hip adductors on stretch. 
If the hip adductor muscles limit the motion (Fig. 1-49A), 
the end feel will be firm. To measure the length of the hip 
adductor muscles, use a universal goniometer and mea¬ 
sure the hip abduction PROM (Fig. 1-49B). This measure¬ 
ment serves an indirect measurement of hip adductor 
muscle length. 


Two-Joint Muscle 

To assess and measure the length of a two-joint muscle, 
position one of the joints crossed by the muscle so as to 
lengthen the muscle across the joint. Then move the sec¬ 
ond joint through a PROM until the muscle is placed on 
full stretch and prevents further joint motion. Assess and 
measure the final position of the second joint; the joint 
position represents an indirect measure of the muscle 
length. 

Example: To assess and measure the length of the two- 
joint triceps muscle, place the shoulder in full élévation 
to stretch the triceps across the shoulder joint (Fig. 1-50A). 



Figure 1-50 A. Start position: length of triceps, the muscle is stretched across the shoulder joint. B. The elbow is flexed to place triceps 
on full stretch. C. Goniometer measurement: length of the triceps as the muscle limits elbow flexion range of motion (ROM). 
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Then flex the elbow to place triceps on full stretch (Fig. 
1-50B). If the triceps muscle limits the motion, the end 
feel will be firm. The elbow flexion PROM measured using 
a universal goniometer (Fig. 1-50C) indirectly represents 
the triceps muscle length. 


Multi-joint Muscle 

To assess and measure the length of a multi-joint muscle, 
position ail but one of the joints crossed by the muscle so 
that the muscle is lengthened across the joints. Then 
move the one remaining joint crossed by the muscle 



Figure 1-51 A. Start position: length of multi-joint finger flexors 
(i.e., flexor digitorum superficialis, flexor digitorum profundus, and 
flexor digit minimi). Elbow and finger joint extension places the 
muscles on stretch across these joints. B. The wrist is extended to 
place the finger flexors on full stretch. C. The therapist observes 
the passive range of motion (PROM) and assesses a firm end feel 
at the limit of wrist extension PROM. 


through a PROM, until the muscle is on full stretch and 
prevents further motion at the joint. Assess and measure 
the final position of the joint; the joint position repre¬ 
sents an indirect measure of the muscle length. 

Example: To assess and measure the length of the 
multi-joint finger flexor muscles, place the elbow and fin- 
gers in full extension to stretch the muscles across these 
joints (Fig. 1-51 A). Extend the wrist to place the flexors 
on full stretch (Fig. 1-51B and C). The end feel will be 
firm if the finger flexors limit wrist extension PROM. The 
position of wrist extension PROM can be measured using 
a universal goniometer to indirectly represent the muscle 
length of the finger flexors. 
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Manual Assessment of 
Muscle Strength 


maximal effort, 66 when type of muscle contraction, limb 
velocity, and joint angle are specified. 67 Use of the term 
muscle strength in the clinical setting actually represents 
torque. 68 


Définition—Manual 
Muscle Testing 

"Manual muscle testing is a procedure for the évaluation 
of the function and strength of individual muscles and 
muscle groups based on effective performance of a move- 
ment in relation to the forces of gravity and manual 
résistance. " 63(p - 466) 

Manual muscle testing (MMT) can be used to assess 
most medical conditions but has limitations in the treat- 
ment of neurological disorders where there is an altera¬ 
tion in muscle tone if reflex activity is altered 64 or if there 
is a loss of cortical control due to lésions of the central 
nervous System. 65 

To assess muscle strength, a sound knowledge of anat- 
omy (including joint motions, muscle origins and inser¬ 
tions, and muscle function) and surface anatomy (to know 
where a muscle or its tendon is best palpated) is required. 
Keen observation and expérience in muscle testing is essen- 
tial to detect muscle wasting, minimal muscle contraction, 
movement, and substitute movement. It is important to 
apply a consistent method of manually testing muscle 
strength to accurately assess a patient's présent status, prog- 
ress, and the effectiveness of the treatment program. 

Muscle Testing Terminology 

Muscle Strength 

Strength is the maximal amount of tension or force that a 
muscle or muscle group can voluntarily exert in one 


Torque 

Torque (Fig. 1-52) is the tendency of a force (i.e., muscle ten¬ 
sion, a therapist's pull or push, or gravity) to turn a lever 
(i.e., a limb or limb segment) around an axis of rotation (i.e., 
the joint axis of rotation) in either a clockwise (cw) or coun- 
terclockwise (ccw) direction. The magnitude of the torque 
(T) is the product of the force ( F) and the perpendicular 
distance (< d) between the axis of rotation and the force: 
T = F x d. In Figure 1-52, the T cw = F 1 x d 1 and T ccw = F 2 x d 2 . 

Types of Muscle Contraction 

• Isométrie (Static) Contraction. An isométrie contrac¬ 
tion occurs when tension is developed in the muscle 
but no movement occurs, the origin and insertion of 
the muscle do not change position, and the muscle 
length does not change. 66 

In Figure 1-52, when the T ccw = T cw no movement 
occurs and the biceps muscle contracts isometrically. 

• Isotonie Contraction. The muscle develops constant 
tension 69 against a load or résistance. 

• Isokinetic Contraction. The muscle contracts at a con¬ 
stant rate of movement 70 or velocity. 

• Concentric Contraction. Tension is developed in the 
muscle and the origin, and insertion of the muscle 
move doser together; the muscle shortens. In Figure 
1-52, when the T ccw < T cw the biceps contracts concen- 
trically and the elbow flexes. 

• Eccentric Contraction. Tension is developed in the 
muscle and the origin and insertion of the muscle 
move farther apart; the muscle lengthens. 



Figure 1-52 Manually assessing biceps muscle strength, the therapist applies a 
résistance force (F 2 ) at the distal end of the forearm (lever) that acts to turn the 
forearm around the elbow joint axis (axis of rotation), in a counterclockwise (7" ccw ) 
direction to extend the elbow, and oppose the force of the biceps muscle 
contraction (F^ that acts to turn the forearm (lever) in a clockwise (7" cw ) direction 
around the elbow joint axis (axis of rotation) to flex the elbow. 
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A. Full range: Biceps and triceps 

B. Middle range: Biceps and triceps 

C. Inner range: Biceps 
Outer range: Triceps 

D. Inner range: Triceps 
Outer range: Biceps 


Figure 1-53 Ranges of muscle work. 


In Figure 1-52, when the T ccw > T cw the biceps contracts 
eccentrically and the elbow slowly extends. 

Muscle Endurance 

Endurance is the ability of a muscle or a muscle group to 
perform repeated contractions, against a résistance, or 
maintain an isométrie contraction for a period of time. 66 

Muscle Fatigue 16 

Fatigue is a diminished response of the muscle to gener- 
ate force that may be due to a lack of energy stores or 
oxygen, a buildup of lactic acid, protective inhibitory 
influences from the central nervous System, or a decrease 
in conduction impulses at the myoneural junction. 

Overwork 15 

Overwork is a phenomenon that causes a temporary or 
permanent loss of strength in already weakened muscle 
due to excessively vigorous activity or exercise relative to 
the patient's condition. Avoid fatigue or exhaustion in 
patients with certain neuromuscular diseases, or systemic, 
metabolic, or inflammatory disease that increase suscepti- 
bility to muscle fatigue. Patients with certain neuromuscu¬ 
lar diseases are more susceptible to this condition because 
of their lack of the normal sensation of discomfort that 
accompanies fatigue and puts a natural stop to perfor¬ 
mance of the activity or exercise before damage occurs. 

Ranges of Muscle Work 71 

The full range in which a muscle works refers to the 
muscle changing from a position of full stretch and con- 
tracting to a position of maximal shortening. The full 
range can be more precisely described if it is divided into 
parts: outer, inner, and middle ranges (Fig. 1-53). 

• Outer range is from a position where the muscle is on 
full stretch to a position halfway through the full range. 


• Inner range is from a position halfway through the full 
range to a position where the muscle is fully shortened. 

• Middle range is the portion of the full range between 
the midpoint of the outer range and the midpoint of 
the inner range. 

Employ this terminology to clearly convey the position(s) 
used to test muscle strength. 

Active Insufficiency 

The active insufficiency of a muscle that crosses two or 
more joints occurs when the muscle produces simultane- 
ous movement at ail of the joints it crosses and reaches 
such a shortened position that it no longer has the ability 
to develop effective tension (Fig. 1-54). 12 When a muscle 



Figure 1-54 Active insufficiency of the hamstring muscles. Knee 
flexion performed with the hip in extension results in a shortening 
of the hamstring muscles that in turn decreases the ability of the 
hamstrings to develop tension. 
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is placed in a shortened position of active insufficiency, it 
is described as putting the muscle on slack. 72 

Functional Classification of Muscle 

Muscles work in groups to produce movement. Muscles 
may be categorized as follows, according to the major 
rôle of the muscles in producing the movement. 

• Prime Mover or Agonist. This is a muscle or muscle 
group that makes the major contribution to movement 
at the joint. 

• Antagonist. An antagonist is a muscle or muscle group 
that has an opposite action to the prime mover or ago¬ 
nist. The antagonist either relaxes to allow the agonist 
to move the part through a ROM, or may contract con¬ 
current^ to control or slow the movement. 73 

• Synergist. A synergist is a muscle that contracts and 
works along with the agonist to produce the desired 
movement. Synergists function in different ways to 
assist the prime mover to produce the movement. 
Three types of synergists are described. 

Neutralizing or Counteracting Synergists. 12 These 
are muscles that contract to prevent unwanted move- 
ments produced by the prime mover. For example, 
when the long finger flexors contract to produce fin- 
ger flexion, the wrist extensors contract to prevent 
wrist flexion from occurring. 

Conjoint Synergists. 12 Conjoint synergists are two or 
more muscles that work together to produce the 
desired movement. The muscles contracting alone 
would be unable to produce the movement. For 
example, wrist extension is produced by contraction 
of extensor carpi radialis longus and brevis and 
extensor carpi ulnaris. If only the extensor carpi radi¬ 
alis longus and brevis contract, the wrist extends and 
radially deviates. If only the extensor carpi ulnaris 
contracts, the wrist extends and ulnar deviates. When 
the muscles contract as a group, the radial and ulnar 
déviation actions of the muscles cancel out and the 
common action of wrist extension results. 

Stabilizing or Fixating Synergists. 12 These muscles 
prevent movement or control the movement at joints 
proximal to the moving joint to provide a fixed or 
stable base from which the distal moving segment can 
effectively work. For example, if the elbow flexors con¬ 
tract to lift an object off a table anterior to the body, 
the muscles of the scapula and glenohumeral joint 
must contract to either allow slow controlled move¬ 
ment or no movement to occur at the scapula and 
glenohumeral joint, to provide the elbow flexors with 
a fixed origin from which to pull. If the scapular mus¬ 
cles do not contract, the object cannot be lifted 
because the elbow flexors would act to pull the shoul- 
der girdle downward toward the table top. 


Factors Affecting Strength 

It is commonly recognized that a number of factors affect 
strength. 12 ' 66 ' 68 ' 74 ' 75 These factors must be considered 
when assessing a patient's strength. 


Age. Muscle strength increases from birth to a maximum 
point between 20 and 30 years of âge. 70 Following this 
maximum, a decrease in strength occurs with increasing 
âge due to a détérioration in muscle mass. Muscle fibers 
decrease in size and number, connective tissue and fat 
increase, and the respiratory capacity of the muscle 
decreases. 

Gender. Men are generally stronger than women. 76 

Muscle Size. The larger the cross-sectional area of a mus¬ 
cle, the greater the strength of the muscle. When testing 
a muscle that is small, the therapist would expect less 
tension to be developed than if testing a large, thick 
muscle. 

Speed of Muscle Contraction. When a muscle contracts 
concentrically, the force of contraction decreases as the 
speed of contraction increases. Instruct the patient to 
perform each muscle test movement at a moderate pace. 

Type of Muscle Contraction. The ability to develop tension 
in a muscle varies depending on the type of muscle con¬ 
traction (Fig. 1-55). More tension can be developed dur- 
ing an eccentric contraction than during an isométrie 
contraction. A concentric contraction has the smallest 
tension capability. When assessing strength, the same 
type of contraction should be used on successive tests. 

Joint Position (Fig. 1-55): Angle of Muscle Pull 
and Length-Tension Relations 

• Angle of Muscle Pull. When a muscle contracts, it cré¬ 
âtes a force and causes the body segment in which it 
inserts to rotate around a particular axis of the joint that 
the muscle crosses. The turning effect produced by the 
muscle is called the torque and is the product of the 
muscle force and the perpendicular distance between 
the joint axis of rotation and the muscle force (Fig. 1-52). 
The position of the joint affects the angle of pull of a 
muscle and therefore changes the perpendicular dis¬ 
tance between the joint axis of rotation and the muscle 
force and the torque. The optimal angle of muscle pull 
occurs when the muscle is pulling at a 90° angle or 
perpendicular to the bony segment. At this point, ail of 
the muscle force is acting to rotate the segment and no 
force is wasted acting as a distracting or stabilizing force 
on the limb segment. 

• Length-Tension Relations. The tension developed 
within a muscle dépends on the initial length of the 
muscle. Regardless of the type of muscle contraction, 
a muscle contracts with more force when it is stretched 
than when it is shortened. The greatest amount of 
tension is developed when the muscle is stretched 
to the greatest length possible within the body, that is, 
if the muscle is in full outer range. Tension decreases 
as the muscle shortens until the muscle reaches less 
than 50% of its rest length, at which point it is not 
able to develop tension. When testing the strength of 
a two-joint muscle the nontest joint position is 
important to note. For example, the knee flexors 
(hamstrings) are able to develop greater tension and 
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Figure 1-55 A. The ability to develop tension in a muscle varies depending on the type of muscle 
contraction, that is, eccentric > isométrie > concentric. B. Changes in joint position change: 
muscle length that affects the ability of the muscle to develop force (F); and the angle of muscle 
pull that changes the perpendicular distance between the muscle force and the axis of joint 
rotation (d). The muscle torque (T) at different joint positions is determined by the interaction 
between changes in F and d. 


demonstrate greater strength if the patient is tested in 
a position of hip flexion. This position places the mus¬ 
cles in a stretched position, as opposed to a position 
of hip extension, which places the muscles in a short- 
ened position. 

• Angle of muscle pull and length-tension relations 

interact to produce the muscle torque curve (Fig. 1-55). 
Most muscles demonstrate a decrease in force or 
strength from outer range into inner range, when 


assessed using isométrie contractions at different joint 
angles. 77 Not ail strength curves illustrate a muscle 
developing maximal tension at the position of full 
stretch because the angle of pull of the muscle may be 
small at this point even though the muscle length is 
optimal for development of tension. Williams and 
Stutzman, 77 Kulig and coworkers, 78 and Williams and 
associâtes 79 give analyses of strength curves for differ¬ 
ent muscle groups. When testing muscle strength 
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through range, strength patterns vary through the ROM; 
therefore, résistance must be varied to match the 
strength capability of the muscle at different joint angles, 
and enable the patient to move smoothly through the 
full ROM. When testing strength using isométrie muscle 
contraction, if the muscle is tested in inner range, it may 
be graded much weaker than if tested in middle or outer 
ranges. When testing isométrie strength, use the same 
joint position on successive tests to enable comparisons 
between tests to assess changes in strength. 

Diurnal Variation 80,81 . Muscle strength is variable and this 
variability follows a regular cycle each day. Therefore, mus¬ 
cle strength should be assessed at the same time of day to 
accurately compare strength results and détermine progress. 

Température 82 . Strength of a muscle varies depending on 
the température of the muscle at the time of testing. 
Strength should be assessed when the muscle is at the 
same température on successive tests, preferably at room 
température. 

Previous Training Effect. Strength performance dépends 
on the ability of the nervous System to activate the mus¬ 
cle mass. Strength may increase as one becomes familiar 
with and learns the test situation. The therapist must 
instruct the patient well and give the patient an opportu- 
nity to move through or be passively moved through the 
test movement at least once before strength is assessed. 

Fatigue. As the patient tires, muscle strength decreases. 
The therapist détermines the strength of the muscle using 
as few répétitions as possible to avoid fatigue. The func- 
tional capability of a muscle is more accurately assessed if 
endurance is also considered when testing the muscle. 
After the therapist has determined the muscle strength, 
the patient remains in the test position and repeats the 
test movement against the same résistance the muscle 
was able to move according to the strength grade assigned 
to the muscle until the patient can no longer move 
through the ROM, that is, drops to the next lowest whole 
grade. The number of répétitions until this point may be 
recorded as a clinical indicator of endurance. Alternatively, 
the therapist may complété the muscle testing and then 
repeat only those movements requiring good endurance 
for ADL. The number of times the patient would repeat 
the movement in spécifie activities is an indicator of 
functional requirements. 

The patient's level of motivation, level of pain, body 
type, occupation, and dominance are other factors that 
may affect strength. Consider the factors that affect 
strength to select the most appropriate method to use for 
the strength assessment and ensure consistency of appli¬ 
cation when performing MMT. 

Joint Positions 

Close-Packed Position. When a joint is in the close- 
packed position, the joint surfaces are fully congruent. 20 


In the close-packed position, there is maximal tension in 
the joint capsule and ligaments; the joint surfaces are 
pressed together firmly and the joint surfaces cannot be 
pulled apart using traction. 20 

Avoid the close-packed position when testing muscle 
strength. The patient can lock the joint and hold the 
joint in this position against résistance in the presence of 
a weak prime mover, resulting in an inaccurate assess¬ 
ment of muscle strength. Be especially careful of this 
positioning at the elbow, knee, and ankle joints. Close- 
packed joint positions are listed in Table 1-5. 

Loose-Packed Position. The loose-packed position is any 
position of a joint other than the close-packed position, 
where the joint surfaces are not congruent and parts of 
the joint capsule are lax. 13 The position of least stress on 
the joint, 20 least congruency of joint surfaces, and the 
greatest laxity of the capsule and ligaments is the resting 
position or maximum loose-packed position of the joint. 13 
The resting position may be used to prevent joint pain 
when testing isométrie muscle strength in the région of a 
painful joint because of the decreased tension on the 
joint capsule and ligaments and decreased intra-articular 
pressure provided by this position. Resting joint positions 
are listed in Table 1-5. 


Contraindications and 
Précautions 

Muscle strength must not be assessed if any contraindica¬ 
tions to this form of assessment exist. In spécial instances, 
the assessment techniques must be carried out with a 
modified approach. The same contraindications and pré¬ 
cautions for assessing AROM or PROM apply when manu- 
ally assessing muscle strength. Additional contraindica¬ 
tions and précautions when assessing muscle strength are 
listed here. The contraindications and précautions pre- 
sented are based on those described by Kisner and Colby 16 
in the application of résistance exercise. 

Manual assessment of muscle strength is contraindi- 
cated if this form of assessment could disrupt the healing 
process or resuit in injury or détérioration of the patient's 
condition. Examples of this are: 

1. If inflammation is présent in the région. 

2. In the presence of inflammatory neuromuscular dis- 
ease (e.g., Guillain-Barre, polymyositis, dermatomy- 
ositis). 

3. For patients with severe cardiac or respiratory disease 
or disorders associated with acute symptoms. 

4. In the presence of pain. Pain will inhibit muscle con¬ 
traction and will not give an accurate indication of 
muscle strength. Testing muscle strength in the pres¬ 
ence of pain may cause further in jury. 

Extra care must be taken where resisted movements 
might aggravate the condition, such as: 

1. Following neurosurgery 16 or recent surgery of the 
abdomen, intervertébral dise, or eye 84 ; in patients with 
intervertébral dise pathology, 16 or herniation of the 
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TABLE 1-5 Close-Packed and Loose-Packed Positions of Selected Joints 4 ’ 13 ’ 20,83 


Joint(s) 

Close-Packed Position 

Loose-Packed (Resting) Position 

Facet (spine) 

Extension 

Midway between flexion and extension 

Temporomandibular 

Clenched teeth 

Mouth slightly open 

Glenohumeral (shoulder) 

Abduction and external rotation 

55°-70° abduction, 30° horizontal adduction, rotated 
so that the forearm is in the transverse plane 

Acromioclavicular 

Arm abducted to 90° 

Arm resting by side, shoulder girdle in the 
physiological position* 

Sternoclavicular 

Maximum shoulder élévation 

Arm resting by side, shoulder girdle in the 
physiological position* 

Ulnohumeral (elbow) 

Extension 

70° elbow flexion, 10° forearm supination 

Radiohumeral 

Elbow flexed 90°, forearm 
supinated 5° 

Full extension, full supination 

Proximal radioulnar 

5° supination 

70° elbow flexion, 35° forearm supination 

Distal radioulnar 

5° supination 

10° forearm supination 

Radiocarpal (wrist) 

Extension with radial déviation 

Midway between flexion-extension (so that a straight 
line passes through the radius and third 
metacarpal) with slight ulnar déviation 

Trapeziometacarpal 

Full opposition 

Midway between abduction-adduction and 
flexion-extension 

Metacarpophalangeal 

Full opposition 

Slight flexion 

(thumb) 



Metacarpophalangeal 

Full flexion 

Slight flexion with slight ulnar déviation 

(fingers) 



Interphalangeal 

Full extension 

Slight flexion 

Hip 

Full extension, internai rotation 
and abduction 

30° flexion, 30° abduction, and slight external 
rotation 

Knee 

Full extension and external 
rotation of the tibia 

25° flexion 

Talocrural (ankle) 

Maximum dorsiflexion 

10° plantarflexion, midway between maximum 
inversion and eversion 

Subtalar 

Full supination 

Midway between extremes of inversion and eversion 

Midtarsal 

Full supination 

Midway between extremes of ROM 

Tarsometatarsal 

Full supination 

Midway between extremes of ROM 

Metatarsophalangeal 

Full extension 

Neutral 

Interphalangeal 

Full extension 

Slight flexion 


*Physiological position 13 is the term given to the resting position of the shoulder girdle. The scapula is situated over the ribs two through 
seven and the vertébral border is 5 cm latéral to the spinous processes; the clavicle lies nearly in the horizontal plane. In the physiologi- 
cal position imaginary lines drawn through the long axis of the clavicle, along the plane of the scapula and along the midsagittal plane 
form the sides of an équilatéral triangle having angles of 60°. 
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Figure 1-56 Isométrie elbow flexor muscle strength assessment 
using a hand-held dynamometer (HHD) (i.e., the Nicholas Manual 
Muscle Tester). The digital display indicates the applied force 
(inset). If the patient is stronger than the therapist, the HHD 
measures the therapist’s strength. 



Figure 1-57 JAMAR hand grip dynamometer. 



Figure 1-58 Latéral pinch strength measured using a pinch 
dynamometer. 


abdominal wall; or in patients with a history of cardio- 
vascular problems (e.g., aneurysm, fixed-rate pace¬ 
maker, arrhythmias, thrombophlebitis, recent 
embolus, marked obesity, hypertension, cardiopulmo- 
nary disease, angina pectoris, myocardial infarctions, 
and cerebrovascular disorders). Instruct these patients 
to avoid the Valsalva maneuver during the strength 
testing procedure. 

Kisner and Colby 16 describe the sequence of events 
in the Valsalva maneuver, which consists of an expira- 
tory effort against a closed glottis during a strenuous 
and prolonged effort. A deep breath is taken at the 
beginning of the effort and held by closing the glottis. 
The abdominal muscles contract, causing an increase 
in the intra-abdominal and intrathoracic pressures, 
and blood is forced from the heart, causing a tempo- 
rary and abrupt rise in the arterial blood pressure. The 
abdominal muscle contraction may also put unsafe 
stress on the abdominal wall. 

The Valsalva maneuver can be avoided by instruct- 
ing the patient not to hold his or her breath during 
the assessment of AROM. Should this be difficult, 
instruct the patient to breathe out 17 or talk during 
the test. 16 

2. In situations in which fatigue may be detrimental to 
or exacerbate the patient's condition (e.g., extreme 
debility, malnutrition, malignancy, chronic obstruc¬ 
tive pulmonary disease, cardiovascular disease, mul¬ 
tiple sclerosis, poliomyelitis, postpoliomyelitis syn¬ 
drome, myasthenia gravis, lower motor neuron 
disease, and intermittent claudication), strenuous 
testing should not be carried out. Signs of fatigue 
include complaints or observation of tiredness, pain, 
muscular spasm, a slow response to contraction, 
tremor, and a decreased ability to perform AROM. 

3. In situations where overwork may be detrimental to 
the patienté condition (e.g., patients with certain neu- 
romuscular diseases or systemic, metabolic, or inflam- 
matory disease), care should be used to avoid fatigue 
or exhaustion. 


Instrumentation 

The instrument chosen to assess muscle strength dépends 
on the degree of accuracy required in the measurement 
and the time and resources available to the clinician. The 
hand-held dynamometer (HHD) (Fig. 1-56), free weights, 
the use of the cable tensiometer, the handgrip dynamom¬ 
eter (Fig. 1-57), the pinch gauge (Fig. 1-58), or isokinetic 
dynamometers may give objective, valid, and reliable 
measures of muscle strength but are not always practical 
in the clinical environment. Instrumented means of 
assessing muscle strength hâve been in existence for 
many years and hâve "their own issues that await 
resolution. " 85(p5) Although MMT has issues too, it has still 
not been superseded by instruments. MMT remains the 
most practical method of assessing muscle strength in the 
clinical setting. When doing clinical research, the thera¬ 
pist is encouraged to investigate alternate instruments 
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that will offer a more stringent assessment of muscle 
strength. 


MMT Methods of Assessing 
Muscle Strength 

Conventional and alternate méthodologies of assessing 
and grading muscle strength are described in this text. 
Regardless of the method used when manually assessing 
muscle strength, a grade is assigned to indicate the 
strength of a muscle or muscle group. In conventional 
grading and some alternate grading methods, the grade 
indicates the strength of a voluntary muscle contraction 
and the AROM possible within the available PROM, pre- 
viously assessed. 

Ail methods of assessing muscle strength described are 
based on the principles of muscle testing that hâve evolved 
clinically over time. Lovett (cited in Daniels and 
Worthingham) 86 developed the concept of using gravity 
as a factor to assess the strength of a muscle. Wright 87 was 
the first to publish a method of classifying muscles accord- 
ing to the ability of the muscle to overcome the résistance 
of gravity or friction. Further development s hâve been 
documented by others including Brunnstrom, 88 Smith 
and colleagues, 89 Hines, 90 Daniels and Worthingham, 86 
and Kendall and Kendall. 91 


Conventional Method 

Manual grading of muscle strength is based on three 
factors 86 : 

1. Evidence of contraction: 

• No palpable or observable muscle contraction (grade 0) 

• A palpable or observable muscle contraction and no 
joint motion (grade 1) 

2. Gravity as a résistance—ability to move the part 
through the full available ROM: 

• Gravity eliminated (grade 2) 

• Against gravity (grade 3) 

3. Amount of manual résistance—ability to move the 
part through the full available ROM against gravity 
and against: 

• Moderate manual résistance (grade 4) 

• Maximal manual résistance (grade 5). 

In addition to the whole grades 0-5, more detailed 
grading of muscle strength is achieved by adding a plus 
or minus to the whole grade to dénoté variation in the 
ROM or the ability to move against minimal résistance. 
Numerals or letters are used to indicate grades of muscle 
strength. The numerical notation is not a précisé graded 
quantitative détermination of muscle strength. 64 Table 1-6 
gives a description of each grade. 

Beasley 92 found that a grade of 3 (fair) does not neces- 
sarily indicate 50% of the normal strength of the muscle 
or muscle group tested when compared with a standard 
normal reference. A grade of 3 is well below the 50% 


mark varying from being approximately 9% for some 
muscles and slightly greater than 30% for other muscles 
tested in the study. Therefore, there is a greater range 
between the grades of 3 and 5 (normal) than between the 
grades of 3 and 0. 

Validity and Reliability 

Validity 

The therapist uses MMT to provide information about 
muscle strength, that is, the maximal amount of tension 
or force that a muscle or muscle group can voluntarily 
exert in one maximal effort. 66 Measurements must be 
accurate because the results, taken to be valid représenta¬ 
tions of muscle strength, are used to make a diagnosis, 
assess patient prognosis, plan treatment, détermine treat- 
ment effectiveness, and evaluate functional status. There 
is a lack of evidence to demonstrate the validity of MMT. 
However, in an effort to establish criterion-related valid¬ 
ity, MMT results hâve been compared to the measures 
obtained with HHD. 93-96 The close relationship between 
the measures obtained with MMT and the HHD measures 
suggest that muscle strength is measured by both tech¬ 
niques. 

From the clinician's judgment, MMT seems to measure 
the torque-producing capability of the tested muscle(s) 97 
and thus MMT appears to hâve content validity. 

Reliability 

It is important for the therapist to know that muscle 
strength can be evaluated consistently, so that results 
taken over time can be compared to evaluate treatment 
effectiveness and patient progress. If this is possible, then 
in comparing measures the similarity or différence 
between the measures can be relied on to indicate a true 
change in strength due to treatment or over time, and are 
not simply due to measurement error and lack of mea- 
surement consistency. 

Most studies assessing the reliability of MMT are based 
on the use of isométrie make or break testing techniques. 
Using a standardized procedure for testing, reliability of 
interrater MMT results with complété agreement of mus¬ 
cle grades is low. 98,99 Interrater and intrarater reliability 
within the range of one whole muscle grade 99-102 and 
interrater reliability within one half a grade (i.e., within a 
+ or - grade) 94,98 is very high. Although this indicates a 
high level of consistency for MMT, a différence of one 
whole strength grade may not be adéquate for clinical 
decision-making. 101 

Reliability and validity study results for MMT indicate 
the following: 

1. Intratester reliability is better than intertester reliabil¬ 
ity; therefore, the same therapist should perform ail 
MMTs when possible. 100 102,103 

2. MMT grading is limited by the strength of the exam¬ 
iner, especially in very strong patients when assessing 
grades of 5. 104 

3. MMT is not sensitive to strength changes in the higher 
grades of 4 and s. 92 ' 94 - 96 * 105 ' 106 
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TABLE 1-6 

Conventional Grading 

Numerals 

Letters 

Description 

Against Gravity Tests 

The Patient is Able to Actively Move Through: 

5 

N (normal) 

The full available ROM against gravity and against maximal résistance 

4 

G (good) 

The full available ROM against gravity and against moderate résistance 

4- 

G- 

If testing “through range”; grade n/a if testing “isometricaliy”: 

Greater than one half the available ROM against gravity and against moderate 
résistance 

3+ 

F+ 

If testing “through range”: 

Less than one half the available ROM against gravity and against moderate résistance 

If testing “isometricaliy”: 

The full available ROM against gravity and against minimal résistance 

3 

F (fair) 

The full available ROM against gravity 

3- 

F- 

Greater than one half the available ROM against gravity 

2+ 

P+ 

Less than one half the available ROM against gravity 

Gravity Eliminated Tests 

The Patient is Able to Actively Move Through: 

2 

P (poor) 

The full available ROM gravity eliminated 

2- 

P- 

Less than the full available ROM gravity eliminated 

1 

T (trace) 

None of the available ROM gravity eliminated and there is a palpable or observable 
flicker of a muscle contraction 

0 

0 (zéro) 

None of the available ROM gravity eliminated and there is no palpable or 
observable muscle contraction 


Note: When the patient cannot be positioned as required relative to gravity, or it is too tiring for the patient or too time consuming to 
change the patient’s position, the therapist offers either assistance or résistance equal to the weight of the limb or limb segment to 
resemble the gravity eliminated situation or against gravity situation, respectively. 


4. MMT scores tend to overestimate the patient's strength 
in the higher grades of 4 and s 92 ’ 94>104 ' 107 

5. MMT scores are most sensitive in lower grades 0 to 

3. 108 

6. It is suggested that MMT be supplemented with quan¬ 
titative means of assessing strength (e.g., hand-held 
dynamometry, isokinetic dynamometry, and tensiom- 
etry) for grades that are greater than 3 and more sub¬ 
jective in nature. 101,105 

7. MMT grades are not équivalent to linear measure- 
ments, 98,109 for example, a grade 3 does not equal 50% 
muscle strength. Similarly, normal strength does not 
equal 100% strength and varies depending on the 
muscle group tested, for example, a grade 5 for the 
knee extensors equals 53%, the plantarflexors equals 
34%, and the hip extensors equals 65% of the actual 
maximal strength of each muscle group. 92 It is esti- 
mated only 4% of the maximum strength of the elbow 
flexors represents a grade of 3. 110 


8. Training, practice, expérience, and the use of strict stan- 
dardized procedure are important for reliable MMT. 111 

To increase the reliability of the assessment of muscle 
strength, the MMT should he conducted: 

• At the same time of day to avoid varying levels of fatigue. 

• By the same therapist. 

• In the same environment. 

• Using the same patient position. 

• Following a standard testing protocol, to allow for 
more accurate comparisons between tests and assess¬ 
ment of the patient's progress. 

MMT is a convenient, versatile, quick to apply, and 
inexpensive means of assessing muscle strength. In 
weaker patients, it is not possible to use equipment such 
as an isokinetic testing device 112,113 or HHD 105,114 for test¬ 
ing lower grades (i.e., <3). Using MMT, spécifie 

stabilization, isolated testing of single muscle actions, 
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and élimination of substitute action and movement are 
possible. 

In the clinical setting, MMT is a common means of 
assessing strength. Although the validity and reliability of 
MMT appear to be less than idéal and further research is 
needed, there is merit in using MMT if the limitations are 
kept in mind. 


Manual Assessment of 
Muscle Strength 

Following the Visual observation and assessment of AROM 
and PROM, perform the assessment of muscle strength. 

Individual Versus Group Muscle Test 

Muscles with a common action or actions are often tested 
as a group or a muscle is tested individually. For example, 
flexor carpi ulnaris and flexor carpi radialis are tested 
together as a group in the action of wrist flexion. Flexor 
carpi ulnaris is individually tested as the muscle contracts 
to simultaneously flex and ulnar deviate the wrist. 
Although it is not always possible to isolate a muscle 
completely, individual muscle tests are illustrated and 
described in this text. 

Explanation and Instruction 

• Briefly explain the manual muscle test assessment pro¬ 
cedure to the patient. 

• Explain and demonstrate the movement to be per- 
formed and/or passively move the patient's limb 
through the test movement. 

Assessment of Normal Muscle Strength 

• Initially assess and record the strength of the unin- 
volved limb to détermine the patient's normal strength 
(i.e., grade 5) and to demonstrate the movement before 
assessing the strength of the involved side. 

• If the contralatéral limb cannot be used for compari- 
son, rely on past expérience to judge the patient's nor¬ 
mal strength considering the factors that affect 
strength, such as the patient's âge, gender, dominance, 
and occupation. 

Assessment and Measurement Procedure 

Patient Position 

• Position the patient to isolate the muscle or muscle 
group to be tested in either a gravity eliminated or 
against gravity position. 115 

• Ensure the patient is comfortable and adequately sup- 
ported. 

• Place the muscle or muscle group being tested in full 
outer range, with only slight tension being placed on 
the muscle when testing strength through range. To 
test strength isometrically, place the muscle or muscle 
group being tested in the appropriate test position. 



Figure 1-59 The weight of the trunk on the plinth serves to 
stabilize the spinal origins of the rhomboid muscles. 


• When assessing muscle strength, "good control and 
specificity of body positions chosen during testing is 
essential to produce valid strength estimâtes. " 116(p - 509) 

Stabilization. Stabilize the site of attachment of the origin 
of the muscle so that the muscle has a fixed point from 
which to pull. When testing a two- or multi-joint muscle, 
stabilize or fix the segment proximal to the joint where 
movement occurs to test the muscle action. Prevent substi¬ 
tute movements by making use of the following methods 
of stabilization: 

1. The patient's body weight—use to help fix the shoul- 
der girdle, pelvic girdle or trunk. 

Example: 

The weight of the tmnk on the plinth serves to stabilize 
the spinal origin of the rhomboid muscles (Fig. 1-59). 

2. The patient's normal muscles—hâve the patient use 
muscles that 

• would normally act as stabilizing or fïxating syner- 
gists for the movement, 

Example: 

When strength testing the rhomboid muscles, 
instruct the patient to maintain an upright sitting 
position as the hand is moved directly off the con¬ 
tralatéral buttock (Fig. 1-60). 

• are not normally used to perform the test movement, 
Example: 

• Instruct the patient to hold the edge of the plinth 
when the hip is flexed to assess the strength of the 
hip flexors (Fig. 1-61). 

3. The patient's position: 

Example: 

When assessing hip abductor muscle strength in the 
side-lying position, instruct the patient to hold the 
nontest leg in maximal hip and knee flexion (Fig. 
1-62). In this position, the posterior tilt of the pelvis 
act s to stabilize the pelvis and lumbar spine. 
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Figure 1-60 The patient contracts the trunk muscles to maintain 
the upright sitting position and stabilize the trunk when rhomboid 
muscle strength is tested. 


Example: 

To assess the strength of the hip extensors (Fig. 
1-63), instruct the patient to rest the weight of the 
trunk on the plinth, grasp the edge of the plinth, 
and position the contralatéral hip in flexion with 
the foot fiat on the floor. In this position, the pelvis 
and lumbar spine are stabilized. 

4. External forces: 

• Manually apply direct pressure 
Example: 

The radius and ulna are stabilized by the therapist 
when testing the wrist extensors (Fig. 1-64). 

• Use devices such as belts and sandbags 
Example: 

A strap is used to stabilize the pelvis when testing 
the hip extensors (Fig. 1-65). 

In stabilizing, ensure that manual contacts or devices 
avoid tender or painful régions; for example, in some 
viral diseases (i.e., poliomyelitis) muscle bellies may be 
tender. Ensure that manual contacts or devices do not 
exert too much force directly over the belly of the muscle 
being tested and inhibit contraction. 117 



Figure 1-61 The patient holds the edge of the plinth to stabilize 
the spine and pelvis when the strength of the hip flexors is tested. 



Figure 1-62 The patient holds the nontest leg in maximal hip and 
knee flexion to stabilize the pelvis, i.e., the origin of the hip 
abductor muscles. 


Substitute Movements. When muscles are weak or para- 
lyzed, other muscles may take over or gravity may be 
used to perform the movements normally carried out by 
the weak muscles. 118 These vicarious motions are called 
substitute movements. 72 The different types of substitute 
movements are listed below and are primarily based on 
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Figure 1-63 To assess the strength of the hip extensors, the 
patient is instructed to rest the weight of the trunk on the plinth, 
grasp the edge of the plinth, and position the contralatéral hip in 
flexion and place the foot fiat on the floor. In this position, the 
pelvis and lumbar spine and muscle origins are stabilized. 



Figure 1-64 The therapist manually stabilizes the radius and ulna 
to assess wrist extensor muscle strength. 



Figure 1-65 The pelvis is stabilized using a strap when testing the 
hip extensors. 


the substitute movements described by Kendall and col- 
leagues 72 and Wynn Parry. 118 

1. Direct or indirect substitution by: 

a. Another prime mover that may also resuit in dévia¬ 
tion in the direction of the other actions performed 
by the substitute prime mover. 

Example: 

With weakness or absence of supinator, biceps bra- 
chii can contract to perform supination and elbow 
flexion may occur simultaneously. 

b. The fixator muscles producing movement that 
appears to hâve occurred through the site of origin 
of the weak agonist. 

Example: 

The latéral abdominals will contract to stabilize the 
pelvis during testing of the hip abductor muscles. If 
the hip abductors are weak, the latéral abdominals 
may elevate the pelvis and in turn move the lower 
extremity to give the appearance of hip abduction. 

c. Other favorably placed muscles in the région that 
may contract to position the joint so that other 


muscles by virtue of the new joint position can per¬ 
form the test motion. 

Example: 

If the deltoid muscle is paralyzed, the external rota- 
tors externally rotate the humérus so that the long 
head of biceps brachii is positioned more laterally 
with respect to the shoulder joint, and is in a posi¬ 
tion to assist with shoulder abduction. 

d. Other muscles in the total limb pattern that may 
contract in an attempt to assist the weak muscles. 

Example: 

The shoulder flexes when the patient attempts to 
flex the elbow in the presence of elbow flexor mus¬ 
cle weakness. 

2. Accessory insertion—The insertion of a muscle may be 
such that when the muscle contracts, it helps to perform 
the prime movement of the weak or paralyzed muscle. 

Example: 

The flexor pollicis brevis and abductor pollicis brevis 
muscles insert into the base of the proximal phalanx 
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of the thumb and perform the prime movements of 
thumb metacarpophalangeal joint flexion and abduc¬ 
tion, respectively. These muscles also insert into the 
extensor expansion of the thumb and when the mus¬ 
cles contract, tension is created on the extensor expan¬ 
sion and extensor pollicis longus tendon, resulting in 
extension of the thumb in the presence of extensor 
pollicis longus muscle paralysis. 

3. Tendon action—When the antagonist to a weak or 
paralyzed muscle contracts, it produces movement 
that places the weaker muscle on stretch. The stretch 
will produce passive movement at the joints crossed 
by the weak muscle in the direction of the weak mus- 
cle's prime action, giving the appearance of muscle 
contraction. This passive movement is more pro- 
nounced if the weak muscle is shortened and lacks 
normal extensibility. 

Example: 

In the presence of flexor digitorum superficialis and 
profundus muscle paralysis, if the extensors of the wrist 
contract to produce wrist extension, the finger flexors 
are placed on stretch. The stretch on the finger flexors 
results in passive flexion of the Angers giving the 
appearance of contraction of the long finger flexors. 

4. Rebound phenomenon—When an antagonist to a weak 
or paralyzed muscle contracts and then relaxes quickly, 
it will produce passive movement in the direction of 
the prime movement of the weak muscle. This gives 
the appearance of contraction of the weak muscle. 

Example: 

The interphalangeal joint of the thumb is positioned 
in extension to test the strength of the flexor pollicis 
longus muscle. In this position, the extensor pollicis 
longus may contract to pull the interphalangeal joint 
into further extension and then quickly relax. This 
sudden relaxation results in slight passive flexion of 
the interphalangeal joint that could be mistaken for 
movement performed by contraction of the flexor pol¬ 
licis longus. 

5. Gravity—The patient may shift the body part so that 
gravity may be used to perform the movement of the 
weak or paralyzed muscle. 

Example: 

In sitting with the shoulder abducted 90°, elbow 
flexed, and the upper limb resting on a table, the 
patient with a weak or paralyzed triceps may not be 
able to extend the elbow and move the forearm along 
the table top. The patient may attempt to extend the 
elbow by performing shoulder girdle dépréssion and 
shoulder external rotation to position the forearm so 
that gravity assists the weak triceps. 

Try to eliminate substitute movements through adé¬ 
quate explanation and instruction to the patient of the 
movement to be performed and the substitute move¬ 
ments that must be avoided, proper patient positioning, 
adéquate stabilization of the muscle origin, palpation of 
the muscle(s) being tested to ensure contraction, and 


practice in assessing muscle strength. To grade muscle 
strength accurately, the therapist must be aware of and 
recognize substitute movements that may occur." When 
substitute movements are not recognized, the patient's 
problem will not be identified and treatment planning 
may be inappropriate. 

Screen Test. A screen test is an arbitrarily assigned starting 
point in the assessment of muscle strength. 

Use the screen test to perform the following: 

• Streamline the muscle strength assessment. 

• Avoid unnecessary testing. 

• Avoid fatiguing or discouraging the patient by elimi- 
nating as many tests as possible the patient would not 
be able to successfully complété. 

Screen the patient through the information gained 
from the following: 

• Reading the patient's chart or previous muscle test 
results. 

• Observing the patient perform functional activities; for 
example, shaking the patient's hand may indicate the 
strength of grasp (i.e., the finger flexors), sitting down 
and standing up may indicate lower limb strength, tak- 
ing a shirt off overhead may indicate shoulder abductor 
and external rotator muscle strength, and lying down 
or getting up from lying may give an indication of 
abdominal muscle strength. 

• Previous assessment of the patient's AROM. 

Based on the available information, position the 
patient so that the assessment of strength begins at or 
near the patient's actual level of strength. Alternatively, 
screen the patient by: 

• Beginning ail muscle testing at a particular grade; this 
is usually a grade of 3. Instruct the patient to actively 
move the body part through the full ROM against grav¬ 
ity. Based on the results of the initial test, the muscle 
test is either stopped or it proceeds. 


Grading Muscle Strength 

Against Gravity 

In the following chapters, the grade of 3 is normally used 
as the screen test to begin the illustration of MMT (Fig. 
1-66A and B). To assess whether the muscle is at, below, 
or above a grade 3, position the patient so that the mus¬ 
cle is positioned in full outer range and gravity resists the 
prime movement(s) of the muscle or muscle group 
through as much of the ROM as possible. In most cases, 
it is not possible to move against gravity through the 
entire ROM as the bone moves from a horizontal to a 
vertical position or a vertical to a horizontal position. 
Therefore, the muscle has either little résistance from the 
pull of gravity at the start or end of motion, or the muscle 
has no résistance at the end of motion when gravity 
assists the movement and the antagonist contracts eccen- 
trically to complété the ROM. 119 
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Figure 1-66 A. Manual muscle testing (MMT) start position against gravity: elbow extensors - triceps. B. Patient attempts to perform 
elbow extension against gravity. If a grade of 2+ or 3- is assigned, the MMT stops. If a grade 3 is assigned, repeat the test and apply 
manual résistance (Fig. 1-67). If unable to move against gravity, reposition the patient and test the movement gravity eliminated (Fig. 1-70). 


The muscle force exerted during the muscle test can be 
influenced to a great extent by the instructions given to 
the patient. 69 120 The volume of the therapist's voice can 
influence voluntary muscle contraction. High-volume 
commands can elicit a stronger muscle contraction than 
low-volume commands. 121122 During each test, give com¬ 
mands explicitly and consistently to elicit the strongest 
possible response from the patient. As the patient 
attempts to move at a moderate pace through the ROM, 
palpate the prime mover(s) to ensure contraction and 
rule out the possibility of substitute movements. 

• If the patient moves through only part of the ROM 
against gravity, the muscle is given a grade of 2+ or 3- 
and this ends the muscle test. 

• If the patient moves through the full ROM against 
gravity, the test is repeated against manual résistance to 
détermine the grade (Fig. 1-67A and B). The grade of 3 
is given if the patient cannot perform the test against 
manual résistance. 

• If the patient can perform the test against manual résis¬ 
tance, a grade of greater than 3 is assigned depending 
on the magnitude of the résistance applied. 

The patient is asked to relax at the end of each test 
movement and the therapist positions the limb for the 
next test movement. 

Manual Résistance 

To apply résistance, use a lumbrical grip, in which the 
metacarpophalangeal joints are flexed with the interpha- 


langeal joints held in extension and the thumb either 
adducted or relaxed in slight extension (Fig. 1-68). Add 
résistance gradually to allow the patient to "set" the 
muscles. Apply the résistance force at a 90° angle to the 
limb segment. 

Apply the résistance force at the distal end of the seg¬ 
ment into which the muscle(s) being tested is (are) 
inserted 11,85 (Fig. 1-69). Allowing a joint to corne between 
the point of application of the résistance and the muscle 
insertion may increase the chance of substitution. Ensure 
résistance is not given distal to an unstable or weakly sup- 
ported joint. Every attempt should be made to keep the 
length of the résistance arm (i.e., the distance between the 
axis of rotation of the joint and the point of application of 
the manual résistance) standard for each muscle test. Note: 
The longer the length of the résistance arm, the less the 
résistance force required to counteract the torque produced 
by the muscle. 

Nicholas and coworkers 123 report that if the therapist 
gives an equal or greater résistance to the limb when test¬ 
ing muscle A but for a shorter period of time than when 
testing muscle B, it is possible that muscle A could be 
assessed as being weaker than muscle B. When applying 
résistance to test a muscle, the therapist mentally inté¬ 
grâtes the time taken to go through the ROM with the 
magnitude of the résistance force to arrive at a perception 
of the strength déficit and assign a grade. 123 Because of 
this and the force-velocity relationships, when perform- 
ing comparable muscle tests, apply résistance over the 
same length of time, and if assessing muscle strength 
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Figure 1-67 MMT elbow extensors - triceps. A. With the patient positioned against gravity apply manual résistance either through 
range, or isometrically, and grade the strength. B. Manual résistance is applied at the distal end of the segment the muscle inserts into, 
that is, the distal end of the radius and ulna. 


through range, use the same velocity of movement to go 
through the ROM. 

Résistance Applied to Test Strength “Through Range”. When 
assessing muscle strength using concentric muscle con¬ 
traction, the magnitude of the résistance force is based 
on the amount of résistance that can be applied and 
allow the patient to move smoothly through the full 



_ ^ - 

Figure 1-68 Manual résistance applied at a 90° angle to the limb 
segment using a lumbrical grip. 


ROM. The résistance force applied throughout the 
movement "should be just a little less than would stop 
the movement. " 87(p 568) Modify the amount of résistance 
given throughout the ROM according to the patient's 
capabilities. If too much résistance is given, the patient 
will not be able to move through the ROM and this may 
lead to recruitment of other muscles to perform the 
movement. 



Figure 1-69 Apply manual résistance at the distal end of the 
segment the muscle(s) inserts into. 
































CHAPTER 1 Principles and Methods 


47 


Testing strength through range requires considérable 
skill and expérience. 85 For this reason, the results of 
testing strength through range may not be as certain as 
when performing MMT using isométrie muscle contrac¬ 
tion in selected part(s) of the ROM, 85 as is more com- 
monly practiced now. This being said, it behooves the 
therapist to acquire the skill and expérience to compe- 
tently test strength through range. The most appropriate 
means of testing strength, either through range or at a 
selected joint position(s), is used based on the spécifie 
clinical requirement. 

It may be advantageous to test muscle strength 
through range, for example, "to obtain a more spécifie 
clinical picture of a peripheral nerve lésion and its course 
of motor recovery". 103(p 666) When grading muscle 
strength, the ability of the patient to move through part 
or ail of the ROM is more easily quantified than changes 
in the magnitude of the applied manual résistance. 96 

Résistance Applied to Test Strength “Isometrically” At 
Spécifie Joint Angles. When using isométrie muscle con¬ 
tractions to test muscle strength, the strength needed to 
hold the test position is considered to be the same as the 
relative strength needed to move through the test move- 
ment, 11 although Wilson and Murphy 124 note, there is no 
research to suggest that force measured at any one point 
in the ROM is représentative of muscle force throughout 
the entire movement. Strength varies throughout the 
ROM and a more accurate picture of the muscle's capa- 
bilities is attained if isométrie muscle tests are performed 
with the muscle positioned in inner, middle, and outer 
ranges or better yet, the muscle test is performed through 
the ROM. 

Koo and coworkers 125 studied the elbow muscle weak- 
ness of hémiplégie subjects using isométrie testing. The 
study findings support the need to evaluate isométrie 
muscle strength in multiple joint positions throughout 
range to provide a complété assessment of muscle weak- 
ness from a clinical and functional perspective. 

To maintain reliability in testing when using isomét¬ 
rie muscle contraction, the muscle should be tested in 
the same part(s) of the ROM each time. 86 Isométrie test¬ 
ing is an accepted clinical method of assessing muscle 
strength, 126 but predicting dynamic work capabilities 
from isométrie tests is generally not reliable. 69124 
Dynamic tests are superior to isométrie tests in their 
relationship to dynamic activities. 124 It would be more 
appropriate to test a muscle or muscle group taking its 
normal function into account; that is, using isométrie 
testing for muscles that function as stabilizers, such as 
the scapular muscles. 

When using isométrie contraction to grade muscle 
strength that is greater than a grade 3, the therapist posi¬ 
tions the limb segment so the muscle will contract in either 
outer, middle, or inner range against gravity and then grad- 
ually takes away any support as the patient attempts to 
hold the position. Alternatively, the patient actively moves 
the limb segment into outer, middle, or inner range for the 
muscle being assessed. The position illustrated for most 
muscle tests in this textbook is inner range, as this position 
is often the weakest part of the range. 


If the limb segment is held in the start position against 
gravity, the therapist gradually applies résistance and per¬ 
forais either of the following: 

• Make test 127 in which the résistance must not "break" 
the muscle contraction so that the patient cannot hold 
the position. 

• Break test in which the therapist gradually decreases the 
résistance as the limb segment is felt to fall toward the 
muscle's outer range. If the strength is considered to be 
a grade 5 or normal, the make test is used, and no effort 
is made to break the subject's hold. 11 

The break test is the most commonly used technique. 
Using either test method, the therapist has the patient 
maintain the contraction for about 4 seconds to allow 
time to establish a maximal isométrie contraction. 128 
The muscle is graded based on the maximal amount of 
résistance the muscle can hold against. The break test 
technique produces greater strength measurements than 
the make test technique. 129 To maintain reliability in 
testing, use the same test technique (i.e., make or break 
test) on subséquent testing, and record the technique 
used. 

To assess strength if joint movement causes pain and 
no contraindications exist, it is extremely difficult if not 
impossible to perform a static contraction and produce a 
situation where absolutely no movement occurs at the 
joint crossed by the muscle. There is always some degree 
of joint movement, compression, and shearing even with 
static muscle contraction. 130 However, it may be possible 
to perform a pain-free isométrie muscle test with the joint 
placed in the loose-packed (resting) position. Keep one 
hand immediately below the patient's limb so that no 
movement or only slight movement occurs if the patient 
is unable to hold the limb in any part of the ROM against 
gravity. 

Based on the patient's condition and needs, the clini- 
cian must détermine the efficacy of applying manual 
résistance through range, or at one or multiple joint posi¬ 
tions in the joint ROM to assess muscle strength that is 
greater than a grade 3. The application of manual résis¬ 
tance through range and at a specified joint position are 
both described and illustrated in this text. 

Gravity Eliminated 

If the patient cannot move through any part of the ROM 
against gravity, position the patient so that the résistance 
of gravity is eliminated for the test movement (i.e., the 
patient performs the movement in the horizontal plane). 
In this case, it may be necessary to support the weight of 
the limb on a relatively friction-free surface or manually 
(Fig. 1-70). Stabilize the muscle origin and palpate the 
muscle(s) (Fig. 1-70B) during the test as the patient 
attempts to move through the ROM. During the actual 
test, give commands explicitly and consistently from one 
test to another. Commands should elicit the strongest 
response possible. 

• If the patient moves through the full available ROM 
with gravity eliminated, the muscle is assigned a grade 
of 2. 
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• If the patient is able to move through less than the full 
available ROM, then a grade of 2- is given. 

• If no movement occurs, the therapist grades the muscle 
based on the presence or absence of a muscle contrac¬ 
tion, grades 1 or 0, respectively. 

The patient is asked to relax at the end of each test 
movement and the therapist positions the limb for the 
next test movement. 

Palpation. Palpate a muscle near its tendon attachment 
or near a bony point using the pads of the index and 
middle fingers. Always palpate and observe the 
muscle(s) being tested when assessing grades of 0 
through 3, because the muscle may be graded based on 
the quality of contraction when no movement is pos¬ 



Figure 1-70 A. Manual muscle testing (MMT) start position gravity 
eliminated: elbow extensors. The weight of the limb rests on a 
powder board. B. Palpate and observe the muscle for contraction 
as the patient attempts to perform elbow extension through the full 
available range of motion (ROM) gravity eliminated. If able to move 
the limb, assign a grade 2 or 2- based on the magnitude of the 
ROM. If unable to move the limb, assign the muscle either a grade 
1 or 0, based on the presence or absence of muscle 
contraction. C. In place of a powder board, manually support the 
arm and forearm as shown. 


sible, or the lack of muscle tension with movement 
may indicate substitute movements. In cases of extreme 
weakness, a flicker of a contraction may be detected 
more easily by observing slight movement of the skin 
than by palpation. 

When muscles are very weak, the strongest contrac¬ 
tion possible from the muscle may be elicited by posi- 
tioning and supporting the limb segment so the muscle 
will contract in inner range against gravity. Instruct the 
patient to hold this position and gradually withdraw sup¬ 
port from the limb. Keep one hand just below the limb to 
control its fall if the patient is unable to hold the limb in 
any part of the ROM against gravity. This technique may 
elicit a minimal or prolonged firm contraction that can 
be palpated. 
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Number of Répétitions Used in Testing. Détermine the 
strength after two to three répétitions of the test move- 
ment. Fatigue will become a factor with too many répéti¬ 
tions, resulting in erroneous recording and underestimat- 
ing the patient's true strength because the grades of 
manual muscle strength assessment methods do not take 
endurance into account. 

Other Assessment Procedures That 
Employ Isométrie Muscle Contraction 

Other clinical application for isométrie muscle contrac¬ 
tions are beyond the scope of this text and are only briefly 
discussed here. Aside from being used to assess muscle 
strength, isométrie muscle contraction may also be used 
for the following: 

1. To test for myotomal weakness (i.e., neurological weak- 
ness that originates from nerve root pathology). The 
joint is at or near the resting position and during 
the isométrie contraction, the therapist notes whether 
the contraction is either weak or strong to détermine 
if there is a deficiency in neural input to the muscle (s). 

2. To selectively test the integrity of contractile tissue 
(i.e., muscle and tendon) by applying stress to the tis¬ 
sue by way of muscle contraction. The joint is in rest¬ 
ing position and no movement occurs at the joint dur¬ 
ing the isométrie contraction. Thus, stress is not placed 
on inert or noncontractile tissue (i.e., joint capsule, 
ligaments, and nerves). During the isométrie contrac¬ 
tion, the therapist notes whether pain is elicited and 
whether the contraction is weak or strong to déter¬ 
mine if there is a muscular lésion. 

Alternate Methods and 
Grading of Muscle Strength 

Alternate methods and grading of muscle strength may 
be used in the following situations when: 

• The weight of the part is so minimal that the effect of 
gravity is unimportant and need not be considered 
(i.e., muscles of the fingers, thumbs, and toes). 

• It is not always practical or possible to palpate the mus¬ 
cle, apply résistance, or position the patient either 
against gravity or with gravity eliminated for the test 
movements (i.e., when testing facial muscles). 

• The muscles require the résistance of body weight to be 
resisted maximally (i.e., gastroenemius, soleus). 

The grading used when testing the facial muscles, 
muscles of the fingers, thumbs and toes, and the muscles 
requiring the résistance of body weight, will be described 
in the sections of this text that deal with the testing of 
these muscles. 

Testing with a Two- or Multi-joint 
Muscle in the Région 

When applying résistance to a two-joint muscle either 
directly or indirectly, take care to avoid positions of 
excessive shortening of the two-joint muscle because this 
may lead to painful cramping of the muscle. 72 


1. To test the strength of a one-joint muscle with a two- 
joint or multi-joint muscle in the région that performs 
the same action at the joint, the contribution of the 
two-joint or multi-joint muscle to the movement must 
be reduced or eliminated. To accomplish this, passively 
place the two-joint or multi-joint muscle in a shortened 
position at the nontest joint (s) to render it more actively 
insufficient before testing the one-joint muscle. 

Example: 

When testing the strength of coracobrachialis to flex 
and adduct the shoulder, the elbow and forearm are 
passively flexed and supinated, respectively, to place 
the biceps brachii muscle in a shortened position, thus 
rendering it more actively insufficient and reducing 
the contribution of the short head of biceps brachii to 
flex and adduct the shoulder. 

2. To test a two- or multi-joint muscle at one joint, first 
place the nontest joint (s) in midposition to avoid 
active insufficiency of the muscle. 

Example: 

When testing the strength of the hamstrings to flex 
the knee, the hip is positioned in flexion. 

3. To test a muscle at a joint where a two-joint or multi- 
joint muscle is the antagonist, place the two-joint or 
multi-joint muscle on slack at the nontest joint (s). This 
avoids stretching and creating a situation of passive 
insufficiency of the two-joint or multi-joint muscle dur¬ 
ing the muscle test that will decrease the ability of the 
prime mover to move the joint through full ROM. 

Example: 

When testing the strength of the iliopsoas to flex the 
hip, the knee is positioned in flexion to place the ham- 
string muscles on slack and prevent tightness of ham¬ 
strings from limiting hip flexion ROM (see Figs. 1-47 
and 1-48). 


Recording 

Muscle strength assessment forms are used to record 
strength. See Figure 1-71 and Appendix B for examples of 
a muscle test recording form; Figure 1-71 gives examples 
of selected muscle strength recordings. 

The inability to test a muscle accurately (e.g., due to 
the presence of pain or noncompliance of the patient) is 
indicated on the recording form using a question mark 
beside the grade; 89 for example, "3?". The question mark 
will prompt the therapist to retest the muscle at another 
time if appropriate. An explanation is given for the ques¬ 
tion mark under the comments or remarks section of the 
recording form. 

Every space should include an entry on a recording 
form. 8 Enter "NT" (not tested) if the test was not per- 
formed, and a line may be drawn from the first such entry 
to the end of several adjacent entries so the NT does not 
hâve to be recorded in every space. 8 

Note any noncompliance of the patient, déviations 
from standard testing procedure, and other factors that 
may influence the results of a muscle test on the chart. 
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Figure 1-71 Example of recording muscle strength using a Manual Muscle Strength Assessment 
form. 
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Ensure that an appropriate legend of the muscle testing 
grading is noted on the chart. 

A grade of 3 does not necessarily indicate a functional 
grade. Record grades of 3 or less for the upper extremity, 
trunk and neck, and grades of less than a 4 for the lower 
extremity so that they can be identified quickly on read- 
ing the chart as being nonfunctional grades or areas of 
major concern. Highlight these nonfunctional grades by 
placing the grade in brackets. Fatigue should be closely 
monitored and recorded to facilitate the application of 
strength tests to ADL. 


Functional Application of 
Assessment of Joint Range 
of Motion and Manual 
Muscle Testing 


Evaluation of functional activities, through task analysis 
and observation of the patient's performance in activities, 
can guide the therapist in proceeding with a detailed 
assessment and provide objective and meaningful treat- 
ment goals. The therapist may ask the patient about his 
or her ability to perform activities. It is essential that the 
therapist observes the patient performing the functional 
activities. 131 The patient is observed performing func¬ 
tional activities such as dressing, sitting, or walking dur- 
ing the initial assessment. 

On completion of the évaluation of ROM and muscle 
strength, the therapist must consider the impact of défi¬ 
cit on the patient's daily life. Knowledge of functional 
anatomy of the musculoskeletal System is required to 
integrate the assessment findings into meaningful and 
practical information. The knowledge of functional 
anatomy assists the therapist in gaining insight into the 
effect of joint ROM or strength limitations in the 
patient's daily life. 

Outline of the 
Assessment Process 

"An Outline of the Assessment Process", located on the 
inside back cover of this text, serves as an overview of the 
assessment process and a review of some of the main 
points presented in this chapter. 
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Chapter Rationale 

• Although the guidelines for diagnosis and treatment protocols 
are beyond the scope of this text, this chapter links the tech¬ 
niques used to assess active range of motion (AROM), passive 
range of motion (PROM), muscle length, and muscle strength 
with the techniques used for treatment. 

• Through illustration and description, the reader is provided with 
an overview of the similarities and différences between clinical 
assessments presented in this textbook and complementary 
treatments. 

• Knowing the similarities between assessment and treatment, 
and using the knowledge and skills for assessing AROM, PROM, 
muscle length, and muscle strength, the reader will be able to 
utilize similar techniques for treatments using active, passive, or 
resisted movement. 

• Understanding the link between assessment and treatment is 
essential for the reader to be able to integrate patient assess¬ 
ment and treatment in the clinical setting. 


Optional learning approach: Should the reader prefer to learn the as¬ 
sessment techniques presented in this text prior to considering how 
assessment and treatment techniques are related, then this chapter 
would be considered the final chapter of this text. 












56 


SECTION I Principles and Methods 


SlMILAR ASSESSMENT AND 

Treatment Methods 


Similar assessments and treatments are categorized 
according to the type of movement used (i.e., active, pas¬ 
sive, or resisted movement) as set out in Table 2-1. 


Key Steps When Applying 
Assessments and 
Treatments 


The key steps used when applying assessments and treat¬ 
ments are listed in order in the first column of Table 2-1. 
These steps are set out in detail for assessment in Chapter 
1 and are summarized here and in Table 2-1 to compare 
with those for treatment. 


Purpose 

The therapist performs an assessment to evaluate how an 
in jury or disease affects the patient's status. Treatment, if 
appropriate, is then used to eliminate or lessen the effects 
of an injury or disease. Assessment is repeated as required 
to evaluate the outcome of treatment. 


Common Technique 

Technique is the same when using active, passive, or 
resisted movement for similar assessment and treatment. 

Explanation and Instruction 

Before carrying out an assessment or treatment, explain 
the assessment or treatment to the patient and obtain the 
patient's informed consent. When applying a spécifie 
assessment or treatment for the first time, explain and/or 
demonstrate the movement to be performed and/or ask 
the patient to relax and passively move the patient's limb 
through the movement. 

Expose Région 

For assessment and treatment, expose the area to be 
assessed or treated and drape the patient as required. 

Start Position 

For assessment and treatment, ensure that the patient is 
in a safe, comfortable position and is adequately sup- 
ported. When positioning the patient, the effect of grav- 
ity on the movement may be relevant. 


Stabilization 

For assessment and treatment, provide adéquate stabiliza¬ 
tion to ensure that only the required movement occurs. 
For assessment and treatment, perform either of the fol- 
lowing: 

(a) The proximal joint segment or site of attachment of 
the origin of the muscle (s) is(are) stabilized. 

(b) The distal joint segment or site of insertion of the 
muscle (s) is(are) stabilized. 

Movement 

For assessment and treatment, either of the following 
should be performed: 

(a) The distal joint segment or site of attachment of the 
insertion of the muscle(s) is(are) moved. 

(b) The proximal joint segment or site of origin of the 
muscle(s) is(are) moved. 

Assistance/Resistance 

For passive movements used in assessment and treat¬ 
ment, assistance is normally applied at the distal end of 
either the distal joint segment or the segment into which 
the muscle(s) is(are) inserted. For resisted movements 
used in assessment and treatment, résistance is normally 
applied at the distal end of the segment into which the 
muscle(s) is(are) inserted. 

End Position 

For assessment and treatment, either instruct the patient 
to move the body segment(s) (for active movement) or 
passively move the limb segment(s) (for passive move¬ 
ment) through either a selected part of or the full ROM 
possible. For prolonged passive stretch, the therapist pas¬ 
sively moves the body segment(s) to the point in the 
ROM that pro vides maximal stretch of the muscle (s). 
When using resisted movement, the patient is instructed 
to either move through the ROM (for a concentric con¬ 
traction), or maintain/hold a specified position (for an 
isométrie contraction) against the therapist's manual 
résistance. 

Substitute Movement 

For assessment and treatment, ensure that there are no 
substitute movements that may exaggerate the actual 
joint ROM and/or muscle strength, or interfère with the 
patient's capacity to perform an exercise. To avoid 
unwanted movements, explain/demonstrate to the 
patient how the movement is to be performed and the 
substitute movements to be avoided. Pay attention to 
positioning and stabilizing the patient. Expérience and 
careful observation enables the therapist to prevent sub¬ 
stitute movements and detect any that may occur. 
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TABLE 2-1 Comparing of Assessment and Treatment 



Active Movement 

Passive Movement 

Resisted Movement 

Key Steps 

Assessment 

Treatment 

Assessment 

Treatment 

Assessment 

Treatment 

Assessment 

Treatment 


Active ROM 
(AROM) 

Active 

Exercise 

Passive ROM 
(PROM) 

Relaxed 

Passive 

Movement 

Muscle Length 

Prolonged 

Passive 

Stretch 

Muscle 

Strength 

Resisted 

Exercise 

PURPOSE 

Assessment 

of: 

Treatment to 
maintain/ 
increase: 

Assessment 

of: 

Treatment to 
maintain/ 
increase: 

Assessment 

of: 

Treatment to 
maintain/ 
increase: 

Assessment 

of: 

Treatment to 
maintain/ 
increase: 


• AROM 

• Muscle 
strength 
(grades 

Oto 3) 

• Ability to 
perform ADL 

• Joint ROM 
muscle 
strength 

• Ability to 
perform 
ADL 

• Joint PROM 

• End feel 

• Joint ROM 

• Muscle 
length 

• Muscle 
length 

• Muscle 
strength 
(grades >3) 

• Muscle 
strength 

COMMON TECHNIQUE 









Explanation/ 

Instruction 

Expose Area 

Start Position 

Stabilization* 

Movement 3 


Assistance/ 

Résistance 


End Position 


Substitute 

Movement 

PURPOSE- 

SPECIFIC 

PROCEDURE 


Verbal (clear, concise), démonstration and/or passive movement 


Expose area and drape as required 


Safe, comfortable, 
adéquate support 
Consider effect of gravity 

Proximal joint segment(s) 
Muscle origins 

Distal joint segment(s) 


n/a 


End of full or available 
AROM 


Safe, comfortable, adéquate support, relaxed 


Proximal joint segment(s) 


Distal joint segment(s) 


Assistance applied at distal 
end of distal joint 
segment(s) 

End of full available PROM 


Muscle origin(s) 


Joint(s) crossed by 
muscle(s) 


Assistance applied at distal 
end of segment muscle(s) 
inserts into 

Muscle(s) on full stretch 


Safe, comfortable, adéquate 
support 

Consider effect of gravity 
Muscle origin(s) 


• At joint(s) crossed by 
muscle(s), or none if resist 
isométrie contraction 

• Résistance applied at distal 
end of segment muscle(s) 
inserts into 

• End of full available 
ROM, or 

• Start position if isométrie 
contraction 


Ensure no substitute movement 


Estimate 

• Active 

• Observe 

• Passive 

• Visually 

• Joint held 

• Détermine 

• Resisted 

and/or 

movement 

and/or 

movement 

observe and/ 

at position 

the amount 

movement 

measure 

performed 

measure 

performed 

or measure 

of maximal 

of résistance 

performed 

AROM 

according to 

joint PROM 

according 

joint position 

muscle 

that can be 

or position 


exercise 

• Note end 

to treatment 

at maximum 

stretch for 

applied and 

held against 


prescription 

feel 

prescription 

stretch of 
muscle 

prescribed 
length of 
time 

allow patient 
to move 
through 
movement, 
or hold 
position 

résistance 
according 
to exercise 
prescription 


(continues) 
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TABLE 2-1 Continuée! 


Active Movement 

Passive Movement 

Resisted Movement 

Key Steps 

Assessment Treatment 

Assessment Treatment 

Assessment Treatment 

Assessment Treatment 


Active ROM Active 

(AROM) Exercise 

Passive ROM Relaxed 
(PROM) Passive 

Movement 

Muscle Length Prolongée! 

Passive 

Stretch 

Muscle Resisted 

Strength Exercise 

CHARTING 

• Joint AROM • Describe 

• MMT grade exercise 

prescribed 
• Note any 
change in 
patient’s 
condition 

• Joint PROM • Describe 

• End feel treatment 

prescribed 
• Note any 
change in 
patient’s 
condition 

• Joint position • Describe 

• End feel position and 

duration of 
stretch 
• Note any 
change in 
patient’s 
condition 

• MMT grade • Describe 
exercise 
prescribed 
• Note any 
change in 
patient’s 
condition 


*For ease of explanation and understanding, the proximal joint segment or site of attachment of the muscle origin is stabilized and the distal joint segment 
or site of attachment of the muscle insertion is described as the moving segment. 

ADL, activities of daily living; MMT, manual muscle testing. 

NOTE: The area shaded in orange highlights COMMON TECHNIQUE that is the same for similar assessment and treatment. 


Purpose-Specific Procedure 

After applying the common technique, spécifie procedure 
is used to provide outcomes that meet the spécifie pur- 
pose of the assessment or treatment. Purpose-specific 
procedures include measuring AROM, PROM, noting the 
end feel, grading muscle strength, changing the number 
of times a movement is performed, changing the length 
of time a position is held, and/or changing the magni¬ 
tude of the résistance used. 


Charting 

For assessment, déviations from standardized testing pro¬ 
cedure and the findings are noted in the chart. For treat¬ 
ment, details of the exercise or treatment prescription 
used and any change in the patient's condition are noted 
in the chart. 


Examples of Similar 
Assessment and 
Treatment Methods 


Spécifie joint movements and muscles are used as exam¬ 
ples to illustrate similar assessments and treatments using 
active, passive, or resisted movement. 

In the examples, note that for assessment and treat¬ 
ment which use a similar type of movement, the "Common 
Technique" is the same, but the "Purpose," "Purpose- 
Specific Procedure," and "Charting" are different. 

In Table 2-1 and in these examples, for ease of explana¬ 
tion and understanding, the proximal joint segment or site 
of attachment of the origin of the muscle is stabilized and 
the distal joint segment or site of attachment of the inser¬ 
tion of the muscle is described as the moving segment. 
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Knee Extension*: Assess Active Range of Motion (AROM) 
Assessment and Treatment Using Active Exercise 


Assessment Treatment 

AROM Active Exercise 

PURPOSE PURPOSE 

To assess AROM, quadriceps muscle strength, and To maintain or increase AROM, quadriceps muscle 

détermine the ability to perform ADL. strength, and the ability to perform ADL. 

COMMON TECHNIQUE 

Explanation/lnstruction. The therapist explains, demonstrates, and/or 
passively moves the limb through knee extension. The therapist 
instructs the patient to straighten the knee as far as possible. 

Expose Région. The patient wears shorts. 

Start Position. The patient is sitting, grasps the edge of the plinth, and 
has the nontest foot supported on a stool (Fig. 2-1). 

Stabilization. The patient is instructed to maintain the thigh in the start 
position or the therapist may stabilize the thigh. 

Movement. The patient performs knee extension. 

End Position. The knee is extended as far as possible through the ROM 
(Fig. 2-2). The hamstrings may restrict knee extension in this position. 

Substitute Movement. The patient leans back to posteriorly tilt the 
pelvis and extend the hip joint. 



Figure 2-1 Start position knee extension: 
AROM assessment and active exercise. 


PURPOSE-SPECIFIC PROCEDURE 

AROM is visually assessed or measured using the univer¬ 
sal goniometer. Following the assessment of PROM, 
the therapist grades the strength of the knee exten- 
sors using AROM. 

CHARTING 

Knee extension AROM is recorded in degrees and/or the 
knee extensors are assigned a grade for strength. 



Figure 2-2 End position: AROM assessment and active 
exercise. The therapist may stabilize the fémur and/or 
pal pâte for contraction of the knee extensors. 


PURPOSE-SPECIFIC PROCEDURE 

Knee extension is performed actively by the patient a 
predetermined number of times according to the 
exercise prescription. 

CHARTING 

The prescribed exercise is described, and any change in 
the patient’s condition is noted. 


*To show an example of movement performed against gravity. 

Note: Movement performed with gravity eliminated could also be used to illustrate the similarity between AROM assessment and active exercise. 
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Hip Flexion: Passive Range of Motion (PROM) Assessment and 
Treatment Using Relaxed Passive Movement 


Assessment Treatment 

PROM Relaxed Passive Movement 

PURPOSE PURPOSE 

To assess hip flexion PROM and détermine an end feel. To maintain or increase hip flexion ROM. 

COMMON TECHNIQUE 

Explanation/lnstruction. The therapist explains, demonstrates, and/or 
passively moves the limb through hip flexion. The therapist instructs 
the patient to relax as the movement is performed. 

Expose Région. The patient wears shorts and is draped as required. 

Start Position. The patient is supine. The hip and knee on the test side 
are in the neutral position. The other hip is extended on the plinth 
(Fig. 2-3). 

Stabilization. The therapist stabilizes the pelvis. The trunk is stabilized 
through body positioning. 

Movement. The therapist raises the lower extremity off the plinth and 
moves the fémur anteriorly to flex the hip. 

End Position. The fémur is moved to the limit of hip flexion (Fig. 2-4). 

Substitute Movement. Posterior pelvic tilt and flexion of the lumbar 
spine. 


4 



Figure 2-3 Start position hip flexion: PROM assessment 
and relaxed passive movement. 


PURPOSE-SPECIFIC PROCEDURE 

The therapist applies slight overpressure at the end of 
the PROM to identify the end feel. The therapist 
observes and measures the joint PROM. 

CHARTING 

The end feel and number of degrees of hip flexion PROM 
are recorded. 



Figure 2-4 End position hip flexion: 
PROM assessment and relaxed passive 
movement. 


PURPOSE-SPECIFIC PROCEDURE 

The hip is passively moved into flexion a predetermined 
number of times according to the treatment prescrip¬ 
tion. 

CHARTING 

The prescribed treatment is described, and any change 
in the patient’s condition is noted. 
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Long Finger Extensors: Muscle Length Assessment and 
Treatment Using Prolonged Passive Stretch 


Assessment Treatment 

Muscle Length Prolonged Passive Stretch 

PURPOSE PURPOSE 

To assess the length of the long finger extensor muscles. To maintain or increase the length of the long finger 

extensor muscles. 

COMMON TECHNIQUE 

Explanation/lnstruction. The therapist explains, demonstrates, 
and/or passively positions the patient in the stretch position. 

The therapist instructs the patient to relax as the movement is 
performed and held. 

Expose Région. The patient wears short-sleeved shirt. 

Start Position. The patient is sitting. The elbow is extended, the 
forearm is pronated, and the fingers are flexed (Fig. 2-5). 

Stabilization. The therapist stabilizes the radius and ulna. 

Movement. The therapist flexes the wrist. 

End Position. The wrist is flexed to the limit of motion so that the 
long finger extensors are fully stretched (Figs. 2-6 and 2-7). 

Substitute Movement. Finger extension. 



Figure 2-5 Start position long finger 
extensors: muscle length assessment 
and prolonged passive stretch. 


Figure 2-6 End position long finger 
extensors on stretch: muscle length 
assessment and prolonged passive 
stretch. 



Figure 2-7 Long finger extensors on 
stretch. 


PURPOSE-SPECIFIC PROCEDURE 

With the long finger extensors on full stretch, the angle of 
wrist flexion is observed and/or measured, and the 
therapist identifies the end feel. 


CHARTING 

The long finger extensors may be described as being 
shortened, and the angle of wrist flexion may be 
recorded. The end feel is noted. 


PURPOSE-SPECIFIC PROCEDURE 

The position of maximum wrist flexion is maintained so 
that the long finger extensors are placed on full stretch 
for a prescribed length of time, and the therapist iden¬ 
tifies the end feel. 

CHARTING 

The stretch position and the length of time the stretch is 
applied to the long finger extensors are recorded. Any 
change in the patient’s condition is noted. 
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Anterior Fibers Deltoid*: Muscle Strength Assessment and 
Treatment Using Resisted Exercise 


Assessment Treatment 

Muscle Strength Resisted Exercise 

PURPOSE PURPOSE 

To assess the strength of the anterior fibers deltoid. To maintain or increase the strength of the anterior fibers 

deltoid. 

COMMON TECHNIQUE 

Explanation/lnstruction. The therapist explains, demonstrates, and/or 
passively moves the patient through 90° shoulder flexion, with slight 
adduction and internai rotation. The therapist instructs the patient to 
work as hard as possible to raise the arm toward the ceiling as the 
therapist resists the movement. 

Expose Région. The patient’s shirt is removed. The patient is draped as 
required. 

Start Position. The patient is sitting. The arm is at the side, with the 
shoulder in slight abduction and the palm facing medially (Fig. 2-8). 

Stabilization. The therapist stabilizes the scapula and clavicle. 

Movement. The patient flexes the shoulder, simultaneously slightly 
adducting and internally rotating the shoulder joint (Figs. 2-9 and 2-10). 

Résistance Location. Applied on the anteromedial aspect of the arm 
just proximal to the elbow joint. 

End Position. The patient flexes the shoulder to 90° shoulder flexion. 

Substitute Movement. Scapular élévation, trunk extension. 



Figure 2-8 Start position for anterior 
fibers deltoid: manual muscle testing 
(MMT) and resisted exercise. 



Figure 2-9 End position: for manual 
muscle testing (MMT) anterior fibers 
deltoid and resisted exercise to 
strengthen anterior fibers deltoid. 



PURPOSE-SPECIFIC PROCEDURE 

The therapist assesses the amount of manual résistance 
that can be applied and allow the patient to move 
smoothly through the movement (i.e., shoulder flexion 
to 90°). 


PURPOSE-SPECIFIC PROCEDURE 

The anterior fibers of the deltoid are required to contract 
through the ROM against a predetermined résistance 
load a predetermined number of times according to 
the treatment prescription. 


CHARTING 

A grade of strength for the anterior fibers deltoid is 
recorded. 


CHARTING 

The prescribed exercise is described and any change in 
the patient’s condition noted. 


*Concentric muscle contraction is used in this example to show the similarity between muscle strength assessment and resisted exercise. 
Note: isométrie muscle contraction could also be used to show this similarity. 
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Shoulder 

/rff 

Complex 


Articulations and 
Movements 


The shoulder complex is a related group of articulations. 
This group of articulations (Fig. 3-1) includes the sterno¬ 
clavicular, acromioclavicular, scapulothoracic, and gleno- 
humeral joints. The shoulder complex can be subdivided 
into two main components: 

a. The shoulder girdle, which includes the sternoclavicu¬ 
lar, acromioclavicular, and scapulothoracic joints 

b. The shoulder joint, that is, the glenohumeral joint 


The Shoulder Girdle 

The shoulder girdle is connected directly to the trunk via 
the sternoclavicular joint The médial end of the clavicle 
forms the latéral sternoclavicular joint surface and the 
latéral aspect of the manubrium sternum and adjacent 
superior surface of the first costal cartilage make up the 
médial joint surface. An articular dise lies between the 
articular surfaces. Categorized as a saddle joint, the cla- 
vicular surface of the joint is convex vertically and con¬ 
cave horizontally, and articulâtes with the reciprocal 
surfaces on the médial aspect of the joint. 1 

Movements at the sternoclavicular joint include éléva¬ 
tion, dépréssion, protraction, retraction, and rotation of 
the clavicle. During élévation and dépréssion, the latéral 
end of the clavicle moves superiorly and inferiorly, 
respectively, in the frontal plane around a sagittal axis. 
The latéral end of the clavicle moves in an anterior direc¬ 
tion with protraction and in a posterior direction with 
retraction. Protraction and retraction movements of the 
clavicle occur in a horizontal plane about a vertical axis. 
Rotation of the clavicle takes place in a sagittal plane 
around a frontal axis (i.e., an axis that passes along the 
long axis of the clavicle). Mobility at the sternoclavicular 
joint is requisite for the clavicular and scapular motion 


essential to the normal performance of shoulder éléva¬ 
tion (i.e., movement of the arm above shoulder level to a 
vertical position alongside the head). 

The acromioclavicular joint, linking the clavicle and 
scapula, is classified as a plane joint formed by the rela- 
tively fiat articular surfaces of the latéral end of the clav¬ 
icle and the acromion process of the scapula. In some 
instances, the joint surfaces are partially separated by an 
articular dise. 1 At the acromioclavicular joint, limited 
gliding motions between the clavicle and scapula during 
shoulder girdle movement allow scapular motion inde- 
pendent of clavicular motion, and alignment of the scap¬ 
ula against the chest wall. 2 

A physiological or functional joint, the scapulothoracic 
joint consists of flexible soft tissues (i.e., subscapularis and 
serratus anterior) sandwiched between the scapula and 
the chest wall that allow the scapula to move over the 
thorax. Scapular motions are accompanied by movement 
of the clavicle via the acromioclavicular joint. 

Scapular motions include élévation, dépréssion, rétrac¬ 
tion, protraction, latéral (upward) rotation, and médial 
(downward) rotation. Movement of the scapula in a cra- 
nial direction is called élévation and is accompanied by 
élévation of the clavicle. The scapula and clavicle move 
in a caudal direction with scapular dépréssion. Scapular 
retraction and protraction occur in the horizontal plane 
around a vertical axis as the médial border of the scapula 
moves either toward (retraction) or away from (protrac¬ 
tion) the vertébral column. Scapular retraction and pro¬ 
traction are accompanied by retraction and protraction of 
the clavicle, respectively. The scapula also rotâtes laterally 
and medially, with reference to the movement of the 
inferior angle, so that the glenoid cavity moves in either 
an upward (cranial) or a downward (caudal) direction, 
respectively (Fig. 3-2). 

In the clinical setting, motion at the sternoclavicular 
joint and scapula is not easily measured, and it is not pos¬ 
sible to measure motion at the acromioclavicular joint. 
Therefore, scapular and clavicular motions are normally 
assessed by Visual observation of active movement and 
through passive movement. 
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Figure 3-1 Shoulder complex articulations. 


The Glenohumeral Joint 

The glenohumeral or shoulder joint is a ball-and-socket joint 
formed medially by the concave surface of the scapular 
glenoid cavity and laterally by the convex surface of the 
head of the humérus. The axes around which glenohu¬ 
meral joint motions occur are illustrated in Figures 3-3 
and 3-4. In Figure 3-4, from the anatomical position, the 
glenohumeral joint may be flexed and extended in the 
sagittal plane with movement occurring around a frontal 
axis. The movements of shoulder abduction and adduc¬ 
tion occur in the frontal plane around a sagittal axis. In 
Figure 3-3, the shoulder is positioned in 90° abduction for 
the purpose of illustrating the vertical axis around which 
the movements of shoulder horizontal adduction and 
abduction occur in the transverse plane. With the shoul¬ 
der in 90° abduction, shoulder internai rotation and 
external rotation takes place in a sagittal plane about the 
longitudinal axis of the humérus (Fig. 3-3). However, 
with the arm at the side in anatomical position, internai 
and external rotation takes place in a horizontal plane 
about the longitudinal axis of the humérus. 




Figure 3-3 Glenohumeral axes: (1) horizontal abduction- 
adduction; (2) internal-external rotation. 



Figure 3-4 Glenohumeral axes: (3) flexion-extension; (4) 
abduction-adduction. 























66 


SECTION II Régional Evaluation Techniques 


The Shoulder Complex 

Normal function in performing activities of daily living 
(ADL) dépends on the integrated movement patterns of the 
joints of the shoulder girdle and the shoulder (glenohu- 
meral) joint. Shoulder (glenohumeral joint) movements are 
accompanied at varying points in the range of motion 
(ROM) by scapular, clavicular, and tmnk motions. The 
movements at the scapulothoracic, acromioclavicular, ster- 
noclavicular, and spinal articulations extend the ROM capa- 
bilities of the glenohumeral joint. Shoulder élévation is an 
example of movement that requires the integrated move¬ 
ment patterns of ail the joints of the shoulder complex. 

Shoulder élévation: is the term used to describe 
movement of the arm above shoulder level (i.e., 90°) to a 
vertical position alongside the head (i.e., 180°). The verti¬ 
cal position may be arrived at by moving the arm through 
either the sagittal plane or the frontal plane, and the 
movements are referred to as shoulder élévation through 
flexion or shoulder élévation through abduction , respectively. 
In the clinical setting, these movements may be referred 
to simply as shoulder flexion and shoulder abduction. 

Moving the arm through other vertical planes located 
between the sagittal and frontal planes will also bring the 
arm to the vertical position alongside the head. The plane 
of the scapula lies 30° to 45° anterior to the frontal plane. 3 
The scapular plane is the plane of reference for diagonal 
movements of shoulder élévation and is the plane often 
used when the arm is raised to perform overhead activi¬ 
ties. This midplane élévation is called scaption A (Fig. 3-5). 

Figures 3-6A and 3-7A illustrate the integrated move¬ 
ment patterns of the joints of the shoulder complex 




Figure 3-6 A. Patient combs hair using normal right upper extremity. B. Patient attempts to comb hair using left upper extremity with 
restricted glenohumeral joint movement. Substitute motions are observed at the left shoulder girdle and more distant joints. 
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Figure 3-7 A. Patient reaches into back pocket using normal right upper extremity. B. Patient attempts to reach into back pocket using 
left upper extremity with restricted glenohumeral joint movement. Substitute motions are observed at the left shoulder girdle and more 
distant joints. 


during the normal performance of two ADL, combing 
ones hair and reaching into a back pocket. Figures 3-6B 
and 3-7B illustrate the changes that occur in the inte- 
grated movement patterns when motion is restricted at 
one of the joints of the shoulder complex, in this case the 
glenohumeral joint. Observe how increased movement 


(i.e., substitute motion) of the scapula and trunk is used 
to compensate for the loss of motion at the glenohumeral 
joint. The completion of the two ADL would not be pos¬ 
sible without employing the substitute motions. 

The joints and movements of the shoulder complex 
are summarized in Tables 3-1 to 3-3. 
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TABLE 3-1 Joint Structure: Scapular Movements 


Elévation 

Dépréssion 

Abduction 

(Protraction) 

Abduction 

(Retraction) 

Articulation 1,5 

Scapulothoracic 

Acromioclavicular 

Sternoclavicular 

Scapulothoracic 

Acromioclavicular 

Sternoclavicular 

Scapulothoracic 

Acromioclavicular 

Sternoclavicular 

Scapulothoracic 

Acromioclavicular 

Sternoclavicular 

Plane 

Frontal 

Frontal 

Horizontal 

Horizontal 

Axis 

Sagittal 

Sagittal 

Vertical 

Vertical 

Normal limiting 
factors 5 " 9 * 

(see Fig. 3-8 

A and B) 

Tension in the 
costoclavicular 
ligament, inferior 
sternoclavicular 
joint capsule, 
lower fibers of 
trapezius, 
pectoralis minor, 
and subclavius 

Tension in the 
interclavicular 
ligament, 
sternoclavicular 
ligament, articular 
disk, upper fibers of 
trapezius, and 
levator scapulae; 
bony contact 
between the 
clavicle and the 
superior aspect of 
the first rib 

Tension in the trapezoid 
ligament, posterior 
sternoclavicular 
ligament, posterior 
lamina of the 
costoclavicular 
ligament, trapezius, 
and rhomboids 

Tension in the conoid 
ligament, anterior 
lamina of the 
costoclavicular 
ligament, anterior 
sternoclavicular 
ligament, pectoralis 
minor, and serratus 
anterior 

Normal end 
feel 6 ’ 10 

Firm 

Firm/hard 

Firm 

Firm 

Normal AROM 5t 

10-12 cm 

(total range for élévation—dépréssion) 

10-12 cm 

(total range for abduction —adduction) 


Médial Rotation 

(Downward 

Rotation) 

Latéral Rotation 
(Upward 

Rotation) 



Articulation 1,5 

Scapulothoracic 

Acromioclavicular 

Sternoclavicular 

Scapulothoracic 

Acromioclavicular 

Sternoclavicular 



Plane 

Frontal 

Frontal 



Axis 

Sagittal 

Sagittal 



Normal limiting 
factors 5 " 9 * 

(see Fig. 3-8 

A and B) 

Tension in the 
conoid ligament 
and serratus 
anterior 

Tension in the 
trapezoid ligament, 
the rhomboid 
muscles and the 
levator scapulae 



Normal end 
Feel 6 ’ 10 

Firm 

Firm 



Normal AROM 5 

45-60° 

(total range for medial-lateral rotation) 




Note: Médial and latéral rotations of the scapula are associated with extension and/or adduction, and flexion and/or abduction of the shoulder, 
respectively. 

*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here are 
based on knowledge of anatomy, clinical expérience, and available references. 

f AROM, active range of motion. 
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TABLE 3-2 Joint Structure: Glenohumeral Joint Movements 



Extension 

Internai 

Rotation 

External 

Rotation 

Horizontal 

Abduction 

Horizontal 

Adduction 

Articulation 1,5 

Glenohumeral 

Glenohumeral 

Glenohumeral 

Glenohumeral 

Glenohumeral 

Plane 

Sagittal 

Horizontal 

Horizontal 

Horizontal 

Horizontal 

Axis 

Frontal 

Longitudinal 

Longitudinal 

Vertical 

Vertical 

Normal limiting 
factors 5 " 9 * (see 

Fig. 3-8B) 

Tension in the 
anterior band 
of the 

coracohumeral 
ligament, the 
anterior joint 
capsule, and 
clavicular 
fi bers of 
pectoralis 
major 

Tension in the 
posterior joint 
capsule, 
infraspinatus, 
and teres 
minor 

Tension in ail bands 
of the 

glenohumeral 
ligament, cora¬ 
cohumeral 
ligament, the 
anterior joint 
capsule, 
subscapularis, 
pectoralis major, 
teres major, and 
latissimus dorsi 

Tension in the 
anterior joint 
capsule, the 
glenohumeral 
ligament, and 
pectoralis 
major 

Tension in the 
posterior joint 
capsule 

Soft tissue 
apposition 

Normal end feel 6,10 

Firm 

Firm 

Firm 

Firm 

Firm/soft 

Normal AROM 11 
(AROM 12 ) 

0-60° (0-60°) 

0-70° (0-70°) 

0-90° (0-90°) 

0-45°(-) 

0-135°(-) 


*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here are 
based on knowledge of anatomy, clinical expérience, and available references. 


TABLE 3-3 Joint Structure: Shoulder Complex Movements 


Elévation Through Flexion 

Elévation Through Abduction 

Articulation 1,5 

Glenohumeral 

Glenohumeral 


Acromioclavicular 

Acromioclavicular 


Sternoclavicular 

Sternoclavicular 


Scapulothoracic 

Scapulothoracic 

Subdeltoid 1 

Plane 

Sagittal 

Frontal 

Axis 

Frontal 

Sagittal 

Normal limiting 

Tension in the posterior band of the 

Tension in the middle and inferior bands of the 

factors 5 " 9 * (see 

coracohumeral ligament, posterior 

glenohumeral ligament, inferior joint capsule, shoulder 

Fig. 3-8B) 

joint capsule, shoulder extensors, 

adductors; greater tuberosity of the humérus 


and external rotators; scapular 

contacting the upper portion of the glenoid and glenoid 


movement limited by tension in 

labrum or the latéral surface of the acromion; scapular 


rhomboids, levator scapulae, and 

movement limited by tension in rhomboids, levator 


the trapezoid ligament 

scapulae, and the trapezoid ligament 

Normal end 
feel 6,10 

Firm 

Firm/hard 

Normal 

0-180° (0-165°) 

0-180° (0-165°) 

AROM 1,5,11 

0-60°, glenohumeral 

0-30°, glenohumeral 

(AROM 12 ) 

60-180°, glenohumeral, scapular 

30-180°, glenohumeral, scapular movement, and trunk 


movement, and trunk movement 

movement 

Capsular 

Glenohumeral: external rotation, abduction (only through 90-120° range), internai rotation 

pattern 10,13 

Sternoclavicular/acromioclavicular: pain at extreme range of motion notably horizontal adduction 
and full élévation 


*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here are 
based on knowledge of anatomy, clinical expérience, and available references. 
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Contact of clavicle 
& first rib (D) 


Sternoclavicular ligament (D) 
-anterior fibers (R) 

-posterior fibers (P) 


Clavicle 



Costoclavicular 
ligament (El) 
anterior lamina (R) 
posterior lamina (P) 


Inferior sternoclavicular 
joint capsule (El) 


Acromion 

process 


Coracohumeral 
ligament (ER) 
-anterior band (E; 
-posterior band (F) 


Coracoclavicular ligament 
-trapezoid -conoid 
(F, Abd, P, LR) (R, MR) 


Clavicle 


Greater tuberosity 
contact with upper 
portion of glenoid c/r 
glenoid labrum or 
latéral acromion (Abd) 

B 



Glenohumeral ligament 
(ER, X-Abd) 

-middle & inferior 
bands (Abd) 


Anterior glenohumeral 
joint capsule (E, ER, X-Abd) 

•Posterior glenohumeral 
joint capsule (F, IR, X-Add) 

\ 


Inferior glenohumeral 
joint capsule (Abd) 


Figure 3-8 Normal Limiting Factors. A. Anterior view of 
sternoclavicular joints showing noncontractile structures that 
normally limit motion. B. Anterior view of the shoulder showing 
noncontractile structures that normally limit motion.* 


*Motion limited by structure is identified in brackets, using the following abbreviations for (1) Scapular movements, (2) Glenohumeral joint 
movements, and (3) shoulder complex movements: 

(1) Scapular movements: 

El, élévation; 

D, dépréssion; 

MR, médial (downward) rotation; 

(2) Glenohumeral joint movements: 

E, extension; 

IR, internai rotation; 

ER, external rotation; 

(3) Shoulder complex movements: 

F, élévation through flexion; 


P, protraction; 

R, retraction; 

LR, latéral (upward) rotation. 

X-Add, horizontal adduction; 
X-Abd, horizontal abduction. 


Abd, élévation through abduction. 


Muscles normally limiting motion are not illustrated. 
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SURFACE ANATOMY (Figs. 3-9 through 3-14) 


Structure 


Location 


1. Inion 

2. Vertébral border of the scapula 

3. Inferior angle of the scapula 

4. Spine of the scapula 

5. Acromion process 

6. Clavicle 

7. Coracoid process 

8. Brachial puise 

9. Latéral épicondyle of the humérus 

10. Olecranon process of the ulna 

11. Tl 2 spinous process 

12. Sternum 


Dome-shaped process that marks the center of the superior nuchal line. 

Approximately 5-6 cm latéral to the thoracic spinous processes covering ribs 2-7. 

At the inferior aspect of the vertébral border of the scapula. 

The bony ridge running obliquely across the upper four-fifths of the scapula. 

Latéral aspect of the spine of the scapula at the tip of the shoulder. 

Prominent S-shaped bone on the anterosuperior aspect of the thorax. 

Approximately 2 cm distal to the junction of the middle and latéral thirds of the clavicle 
in the deltopectoral triangle. Press firmly upward and laterally, deep to the anterior 
fibers of the deltoid. 

Palpate puise on the médial, proximal aspect of the upper arm posterior to the 
coracobrachialis. 

Latéral projection at the distal end of the humérus. 

Posterior aspect of the elbow at the proximal end of the shaft of the ulna. 

The most distal thoracic spinous process slightly above the level of the olecranon 
process of the ulna when the body is in the anatomical position. 

Fiat bone surface along the midline of the anterior aspect of the thorax. 



Figure 3-9 Posterior aspect of the shoulder complex. 



Figure 3-10 Bony anatomy, posterior aspect of the shoulder 
complex. 
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Figure 3-11 Latéral aspect of the shoulder complex. 



Figure 3-12 Bony anatomy, latéral aspect of the shoulder 
complex. 



Figure 3-13 Anterior aspect of the shoulder complex. 



Figure 3-14 Bony anatomy, anterior aspect of the shoulder 
complex. 
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Range of Motion 
Assessment and 
Measurement 



Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


Normal function of the shoulder complex dépends on 
the integrated movement patterns of ail joints that are a 
part of the shoulder complex. Therefore, a complété éval¬ 
uation of ROM of the shoulder complex must include 
évaluation of scapular and glenohumeral joint active and 
passive ROM. Evaluation of scapular, glenohumeral, and 
integrated shoulder complex movement is presented. 


General Scan: Upper 
Extremity Active 
Range of Motion 

Scan the active range of motion (AROM) of the upper 
extremity joints, starting with the patient in the sitting or 
standing position with the arms at the sides (Fig. 3-15). 

Instruct the patient to place the left hand behind the 
neck, and reach down the spine as far as possible (Fig. 
3-16A). Observe the ROM of scapular abduction and lat¬ 
éral (upward) rotation, shoulder élévation and external 
rotation, elbow flexion, forearm supination, wrist radial 
déviation, and finger extension. 

Instruct the patient to place the right hand on the low 
back (Fig. 3-16A), and reach up the spine as far as possi¬ 
ble. Observe the ROM of scapular adduction and médial 
(downward) rotation, shoulder extension and internai 
rotation, elbow flexion, forearm pronation, wrist radial 
déviation, and finger extension. 



Figure 3-15 Start position: scan of AROM 
of the upper extremities. 


The vertébral levels reached at the levels of the tips of 
the middle fingers as the patient reaches behind the neck 
or up the back may be used as a general measure of AROM 
of the upper extremity joints. 

Instruct the patient to return to the start position 
and repeat the movements on the contralatéral sides (see 
Fig. 3-16B). 

As observed in Figure 3-16, there is often an appré¬ 
ciable différence in the ROM between sides that can be 
considered normal. 

Figure 3-17 illustrâtes a general scan of the upper 
extremity AROM in the presence of normal right and 
decreased left glenohumeral joint ROM. As the patient 
attempts to perform the test movements, substitute 
movements at the left shoulder girdle and more distant 
joints are used to compensate for the restricted left shoul¬ 
der joint ROM. 
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Figure 3-16 A and B. End positions: scan of AROM of the upper extremities. 



Figure 3-17 A and B. End positions: scan of AROM of the upper extremities with decreased left glenohumeral 
joint mobility. Substitute motions are observed at the left shoulder girdle and more distant joints. 














CHAPTER 3 Shoulder Complex 


75 


Scapular Movements 

Normal ROM at the sternoclavicular and acromioclavicu- 
lar joints (i.e., clavicular motion) is required for normal 
scapular motion. In the clinical setting, motion at the 
sternoclavicular joint and scapula is not easily measured, 
and it is not possible to measure motion at the acromio- 
clavicular joint. 

Scapular movement (see Table 3-1) is assessed by Visual 
observation of the AROM and the évaluation of passive 
movement. The ROM is estimated as either "full" or 
"restricted." In the presence of decreased scapular ROM, 
the motion at the sternoclavicular and acromioclavicular 
joints is assessed; however, these assessment techniques 
are beyond the scope of this text. 


AROM Assessment 

Start Position. The patient is sitting and assumes a 
relaxed, anatomical posture (Fig. 3-18). In this posture, 
the scapula normally lies between the second and sev- 
enth ribs and the vertébral border lays approximately 5 to 
6 cm latéral to the spine. The therapist stands behind the 
patient to observe the scapular movements. 

Scapular Elévation 

Movement. The patient moves the shoulders toward the 
ears in an upward or cranial direction (Fig. 3-19). 

Scapular Dépréssion 

Movement. The patient moves the shoulders toward the 
waist in a downward or caudal direction (Fig. 3-20). 



Figure 3-18 Start position for ail active scapular movements. 




Figure 3-19 Active movement: scapular élévation. 


Figure 3-20 Active movement: scapular dépréssion. 
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Figure 3-23 Active movement: scapular médial (downward) Figure 3-24 Active movement: scapular latéral (upward) rotation, 

rotation. 


Scapular Abduction 

Movement. From the start position, the patient flexes the 
arms to 90°, and scapular abduction is observed as the 
patient reaches forward (Fig. 3-21). The vertébral borders 
of the scapulae move away from the vertébral column. 

Scapular Adduction 

Movement. The patient moves the scapulae horizontally 
toward the vertébral column (Fig. 3-22). 


Scapular Médial (Downward) Rotation 

Movement. The patient extends and adducts the arm to 
place the hand across the small of the back and the infe- 
rior angle of the scapula moves in a médial direction (Fig. 
3-23). 

Scapular Latéral (Upward) Rotation 

Movement. The patient elevates the arm through flexion 
or abduction (Fig. 3-24). During élévation, the inferior 
angle of the scapula moves in a latéral direction. 
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Figure 3-25 Passive movement: scapular élévation. 


Figure 3-26 Passive movement: scapular dépréssion. 


PROM Assessment 

Start Position. The patient is in a side-lying position 
with the hips and knees flexed, the head relaxed 
Forms and supported on a pillow. This position remains 
3 ‘ 1 4 t0 unchanged for ail scapular movement s. 

Stabilization. The weight of the trunk stabilizes the tho¬ 
rax. 

Scapular Elévation 

Procedure. The therapist cups the inferior angle of the 
scapula with one hand and elevates the scapula, while 
controlling the direction of movement with the other 
hand (Fig. 3-25). 

End Feel. Firm. 

Joint Glides. Scapular élévation —the scapula glides in a 
cranial direction on the thorax. Sternoclavicular joint : 


élévation of the clavicle—the convex médial end of the 
clavicle glides inferiorly on the fixed concave surface of 
the manubrium. Acromioclavicular joint —gliding. 

Scapular Dépréssion 

Procedure. The therapist places one hand on the top of 
the shoulder girdle to depress the scapula. The therapist's 
other hand cups the inferior angle of the scapula to con- 
trol the direction of movement (Fig. 3-26). 

End Feel. Firm/hard. 

Joint Glides. Scapular dépréssion —the scapula glides in a 
caudal direction on the thorax. Sternoclavicular joint: 
dépréssion of the clavicle—the convex médial end of the 
clavicle glides superiorly on the fixed concave surface of 
the manubrium. Acromioclavicular joint —gliding. 
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Figure 3-27 Passive movement: scapular abduction. 


Scapular Abduction 

Procedure. The therapist grasps the vertébral border and 
inferior angle of the scapula using the thumb and index 
finger of one hand and abducts the scapula. The thera- 
pist's other hand is placed on top of the shoulder girdle 
to assist in abduction (Fig. 3-27). 

End Feel. Firm. 

Joint Glides. Scapular abduction —the scapula glides later- 
ally on the thorax. Sternoclavicular joint: protraction of the 
clavicle—the concave médial end of the clavicle glides 
anteriorly on the fixed convex surface of the manubrium. 
Acromioclavicular joint —gliding. 

Scapular Adduction 

Procedure. The therapist grasps the axillary border and 
inferior angle of the scapula using the thumb and index 
finger of one hand and adducts the scapula. The thera- 
pist's other hand is placed on top of the shoulder girdle 
to assist in adduction (Fig. 3-28). 

End Feel. Firm. 



Figure 3-28 Passive movement: scapular adduction. 


Joint Glides. Scapular adduction —the scapula glides medi- 
ally on the thorax. Sternoclavicular joint: retraction of the 
clavicle—the concave médial end of the clavicle glides 
posteriorly on the fixed convex surface of the manu¬ 
brium. Acromioclavicular joint —gliding. 

Shoulder Complex— 
Movements 

Shoulder élévation dépends on full ROM at the sternocla¬ 
vicular, acromioclavicular, scapular, and glenohumeral 
joints (Tables 3-2 and 3-3). In the presence of decreased 
shoulder élévation ROM, the therapist must identify 
which joint(s) of the shoulder complex lack full ROM to 
effectively plan treatment to restore full ROM. The PROM 
at the shoulder girdle (i.e., scapular and clavicular 
motion) is evaluated independent of the PROM at the 
glenohumeral joint. To isolate the glenohumeral joint 
PROM, the therapist must stabilize the scapula and clavi¬ 
cle. To ensure adéquate stabilization when measuring 
glenohumeral joint PROM, a second therapist may assist 
to align the goniometer. To assess and measure move¬ 
ments that require motion at ail articulations of the 
shoulder complex, the trunk is stabilized. 
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Shoulder Elévation Through 
Flexion (Glenohumeral Joint, 
Scapular and Clavicular 
Motion) 

AROM Assessment 

Substitute Movement. Trunk extension and shoulder 
abduction. 

PROM Assessment 

Start Position. The patient is in a crook-lying (Fig. 
ly 3-29) or a sitting position. The arm is at the side 
Form with the palm facing medially. 

3-5 

Stabilization. The weight of the trunk. The therapist stabi- 
lizes the thorax. 

Therapist’s Distal Hand Placement. The therapist grasps 
the distal humérus. 



Figure 3-29 Start position for shoulder élévation through flexion. 


End Position. The therapist moves the humérus anteriorly 
and upward to the limit of motion for shoulder élévation 
through flexion (Fig. 3-30). The elbow is maintained 
in extension to prevent restriction of shoulder flexion 
ROM due to passive insufficiency of the two-joint triceps 
muscle. 14 

End Feel. Firm. 

Joint Glides/Spin. Shoulder élévation through flexion: 

Scapular latéral (upward) rotation —the inferior angle of 
the scapula rotâtes in a latéral direction on the thorax. 

Sternoclavicular joint: (a) élévation of the clavicle—the 
convex médial end of the clavicle glides inferiorly on 
the fixed concave surface of the manubrium, and (b) 
posterior rotation of the clavicle—the clavicle spins on 
the fixed surfaces of the manubrium. 

Acromioclavicular joint —gliding. 

Glenohumeral joint flexion —the convex humerai head 
spins (i.e., rotâtes around a fixed point) on the fixed 
concave glenoid cavity. 



Figure 3-30 Firm end feel at limit of shoulder élévation through 
flexion. 
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Measurement: Universal Goniometer 

Start Position. The patient is in a crook-lying position 
(Fig. 3-31) or sitting. The arm is at the side, with the palm 
facing medially. 

Stabilization. The weight of the trunk. The scapula is left 
free to move. 

Goniometer Axis. The axis is placed at the latéral aspect of 
the center of the humerai head. In anatomical position, 
the center of the humerai head is located about 2.5 cm 



Figure 3-31 Start position for shoulder élévation through flexion: 
supine. 


inferior to the latéral aspect of the acromion process (see 
Figs. 3-31 and 3-36). 

Stationary Arm. Parallel to the latéral midline of the trunk. 

Movable Arm. Parallel to the longitudinal axis of the 
humérus. 

End Position. The humérus is moved in an anterior and 
upward direction to the limit of motion (shoulder éléva¬ 
tion 180°). This movement represents scapular, clavicular, 
and glenohumeral motion (Fig. 3-32). 



Figure 3-32 Shoulder élévation through flexion. 
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Glenohumeral Joint (Shoulder) 
Flexion 

AROM Assessment 

The patient cannot perform isolated glenohumeral joint 
flexion ROM without the scapula being stabilized. 

PROM Assessment 

Start Position. The patient is in a crook-lying or a 
VS? sitting position. The arm is at the side with the 

Form palm facing medially. 

3-6 

Stabilization. The therapist places one hand on the axil- 
lary border of the scapula to stabilize the scapula. 

Therapist’s Distal Hand Placement. The therapist grasps 
the distal humérus. 

End Position. While stabilizing the scapula, the therapist 
moves the humérus anteriorly and upward to the limit of 
motion to assess glenohumeral joint motion (Fig. 3-33). 



Figure 3-33 Firm end feel at limit of glenohumeral joint flexion. 


End Feel. Firm. 

Joint Spin. Glenohumeral joint flexion — the convex humerai 
head spins on the fixed concave glenoid cavity. 
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Figure 3-34 Start position for shoulder élévation 
through flexion: sitting. 


Measurement: Universal Goniometer 

Start Position. The patient is in sitting (Fig. 3-34) or crook- 
lying position. The arm is at the side, with the palm fac- 
ing medially. 

Stabilization. The therapist stabilizes the scapula. 

Goniometer Axis. The axis is placed at the latéral aspect of 
the center of the humerai head about 2.5 cm inferior to 
the latéral aspect of the acromion process when in ana- 
tomical position (see Figs. 3-34 and 3-36). 

Stationary Arm. Parallel to the latéral midline of the trunk. 

Movable Arm. Parallel to the longitudinal axis of the 
humérus. 

End Position. The humérus is moved in an anterior and 
upward direction to the limit of motion (glenohumeral 
joint flexion 120°) 8 (Figs. 3-35 and 3-36). 



Figure 3-35 Goniometer alignment: shoulder 
élévation through flexion, glenohumeral joint flexion, 
and extension. 



Figure 3-36 Glenohumeral joint flexion ROM. 
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Shoulder Extension 


AROM Assessment 


Substitute Movement. Scapular anterior tilting, scapular 
élévation, and shoulder abduction. In sitting, the patient 
may flex and ipsilaterally rotate the trunk. 


PROM Assessment 


$ 

Form 

3-7 


Start Position. The patient is prone (Fig. 3-37) or 
sitting. The arm is at the side, with the palm facing 
medially. 


Stabilization. The therapist stabilizes the scapula to isolate 
and assess glenohumeral joint motion. 


Therapist’s Distal Hand Placement. The therapist grasps 
the distal humérus. 



Figure 3-37 Start position for glenohumeral joint extension. 


End Position. The therapist moves the humérus posteri- 
orly until the scapula begins to move (Fig. 3-38). The 
elbow is flexed to prevent restriction of shoulder exten¬ 
sion ROM due to passive insufficiency of the two-joint 
biceps brachii muscle. 14 

End Feel. Firm. 

Joint Spin. Glenohumeral joint extension — the convex 
humerai head spins on the fixed concave glenoid cavity. 



Figure 3-38 Firm end feel at limit of glenohumeral joint extension. 
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Figure 3-39 Start position for shoulder extension. 



Figure 3-41 Shoulder extension: sitting. 



Figure 3-40 Shoulder extension: prone. 


Measurement: Universal Goniometer 

Start Position. The patient is prone (Fig. 3-39) or sitting. 
The arm is at the side, with the palm facing medially. 

Stabilization. The therapist's forearm may be used to sta- 
bilize the scapula. 

Goniometer Axis. The axis is placed at the latéral aspect of 
the center of the humerai head about 2.5 cm inferior to 
the latéral aspect of the acromion process when in ana- 
tomical position (see Figs. 3-36 and 3-39). 

Stationary Arm. Parallel to the latéral midline of the trunk. 

Movable Arm. Parallel to the longitudinal axis of the 
humérus, pointing toward the latéral épicondyle of the 
humérus. 

End Position. The humérus is moved posteriorly to the 
limit of motion in (shoulder extension 60°) (Figs. 3-40 
and 3-41). 
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Shoulder Elévation Through 
Abduction (Glenohumeral 
Joint, Scapular and 
Clavicular Motion) 

AROM Assessment 

Substitute Movement. Contralatéral trunk latéral flexion, 
scapular élévation, and shoulder flexion. 

PROM Assessment 

The humérus is externally rotated when perform- 
ing shoulder élévation through abduction to allow 
Form the greater tuberosity of the humérus to clear the 
3-8 acromion process. Prior to testing élévation through 
abduction, ensure the patient is capable of full shoulder 
external rotation. 

Start Position. The patient is supine (Fig. 3-42) or sitting. 
The arm is at the side with the shoulder in external rota¬ 
tion. Ensure the patient sits in an upright posture, as the 
slouched sitting posture has been shown 15 to resuit in 
decreased shoulder abduction ROM. 

Stabilization. The therapist stabilizes the trunk. 

Therapist’s Distal Hand Placement. The therapist grasps 
the distal humérus. 

End Position. The therapist moves the humérus laterally 
and upward to the limit of motion for élévation through 
abduction (Fig. 3-43). 

End Feel. Firm. 

Joint Glides. Shoulder élévation through abduction: 

Scapular latéral (upward) rotation —the inferior angle of 
the scapula rotâtes in a latéral direction on the thorax. 

Sternoclavicular joint: (a) élévation of the clavicle—the 
convex médial end of the clavicle glides inferiorly on 
the fixed concave surface of the manubrium, and (b) 
posterior rotation of the clavicle—the clavicle spins on 
the fixed surface of the manubrium. 

Acromioclavicular joint —gliding. 

Glenohumeral joint abduction —the convex humerai head 
glides inferiorly on the fixed concave glenoid cavity. 



Figure 3-42 Start position for shoulder élévation 
through abduction. 



Figure 3-43 Firm end feel at limit of shoulder élévation through 
abduction. 
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Figure 3-44 Start position for shoulder élévation through 
abduction. 



Figure 3-46 Goniometer alignaient: shoulder élévation through 
abduction and glenohumeral joint abduction. 


Measurement: Universal Goniometer 

Start Position. The patient is supine (Fig. 3-44) or sitting. 
The arm is at the side in adduction and external rotation. 

Stabilization. The weight of the trunk. 

Goniometer Axis. The axis is placed at the midpoint of the 
anterior or posterior aspect of the glenohumeral joint, 
about 1.3 cm inferior and latéral to the coracoid process 
(Figs. 3-45 and 3-46). 

Stationary Arm. Parallel to the sternum. 

Movable Arm. Parallel to the longitudinal axis of the 
humérus. 

End Position. The humérus is moved laterally and upward 
to the limit of motion (shoulder élévation 180°) (Fig. 
3-47). This movement represents scapular and glenohu¬ 
meral movement. The posterior aspect may be preferred 
for measurement of shoulder élévation through abduc¬ 
tion range in women because the breast may interfère 
with the goniometer placement anteriorly (Fig. 3-48). 



Figure 3-45 Goniometer placement for shoulder élévation through 
abduction. 



Figure 3-47 Shoulder élévation through abduction. 



Figure 3-48 Shoulder élévation through abduction: sitting. 
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Glenohumeral Joint (Shoulder) 
Abduction 

AROM Assessment 

The patient cannot perform isolated glenohumeral joint 
abduction ROM without the scapula being stabilized. 

PROM Assessment 

• Start Position. The patient is supine (Fig. 3-49) or 
sitting. The arm is at the side with the elbow flexed 

Form to 90°. 

3-9 

Stabilization. The therapist stabilizes the scapula and 
clavicle. 

Therapist’s Distal Hand Placement. The therapist grasps 
the distal humérus. 

End Position. The therapist moves the humérus laterally 
and upward to the limit of motion of glenohumeral joint 
abduction (Fig. 3-50). 



Figure 3-49 Start position for glenohumeral joint abduction. 


End Feel. Firm or hard. 

Joint Glide. Glenohumeral joint abduction — the convex 
humerai head glides inferiorly on the fixed concave gle- 
noid cavity. 

Measurement: Universal Goniometer 
(not shown) 

Start Position. The patient is supine or sitting. The arm is 
at the side with the elbow flexed to 90° (see Fig. 3-49). 

Goniometer Placement. The goniometer is placed the 
same as for shoulder élévation through abduction (see 
Figs. 3-45 and 3-46). 

Stabilization. The therapist stabilizes the scapula and 
clavicle to isolate and measure glenohumeral joint abduc¬ 
tion. 

End Position. The humérus is moved laterally and upward 
to the limit of motion (glenohumeral joint abduction 
90-120°) 8 to measure glenohumeral joint abduction. 



Figure 3-50 Firm or hard end feel at limit of glenohumeral joint 
abduction. 
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Shoulder Horizontal 
Abduction and Adduction 

AROM Assessment 

Substitute Movement. Scapular retraction (horizontal 
abduction), scapular protraction (horizontal adduction), 
and trunk rotation. 

PROM Assessment 

• Start Position. The patient is sitting. The shoulder 
is in 90° of abduction and neutral rotation. The 
Forms elbow is flexed and the forearm is in midposition 
3-10,3-11 (Fig. 3-51). 

Stabilization. The therapist stabilizes the trunk and scap- 
ula to isolate and assess glenohumeral joint motion. 



Figure 3-51 Start position for shoulder horizontal abduction and 
horizontal adduction. 


Therapist’s Distal Hand Placement. The therapist supports 
the arm in abduction and grasps the distal humérus. 

End Position. The therapist moves the humérus posteri- 
orly to the limit of motion for horizontal abduction (Fig. 
3-52) and anteriorly to the limit of motion for horizontal 
adduction (Fig. 3-53). 

End Feels. Horizontal abduction — firm; horizontal adduction — 
firm/soft. 

Joint Glides. Glenohumeral joint horizontal abduction — the 
convex humerai head glides anteriorly on the fixed con¬ 
cave glenoid cavity. Glenohumeral joint horizontal adduc¬ 
tion —the convex humerai head glides posteriorly on the 
fixed concave glenoid cavity. 



Figure 3-52 Firm end feel at limit of shoulder horizontal 
abduction. 



Figure 3-53 Firm or soft end feel at limit of shoulder horizontal 
adduction. 
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Measurement: Universal Goniometer 

Start Position. The patient is sitting. The shoulder is in 90° 
of abduction and neutral rotation. The elbow is flexed 
and the forearm is in midposition (Fig. 3-54). An alter- 
nate start position has the shoulder in 90° of flexion, the 


elbow is flexed, and the forearm is in midposition (Fig. 
3-58). The start position of the shoulder should be 
recorded. 

Stabilization. The therapist stabilizes the trunk and scap- 
ula. 



Figure 3-54 Start position for horizontal abduction and adduction. 


Goniometer Axis. The axis is placed on top of the acro- 
mion process (Figs. 3-55 and 3-56). 

Stationary Arm. Perpendicular to the trunk. 

Movable Arm. Parallel to the longitudinal axis of the 
humérus. 

End Position. The therapist supports the arm in abduc¬ 
tion. The therapist moves the humérus anteriorly across 
the chest to the limit of motion (shoulder horizontal 
adduction 135°) (Figs. 3-55 and 3-56) and posteriorly to 
the limit of motion (shoulder horizontal abduction 45°) 
(Fig. 3-57). 



Figure 3-57 Shoulder horizontal abduction. 


Figure 3-58 Alternate start position for horizontal abduction and 
adduction. 
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Shoulder Internai Rotation 

AROM Assessment 

Substitute Movement. In prone with the shoulder in 90° 
abduction: scapular élévation, shoulder abduction, and 
elbow extension. In supine with the shoulder in 90° 
abduction: scapular élévation, protraction and anterior 
tilt, shoulder abduction, and elbow extension. In sitting 
with the arm at the side: scapular élévation, shoulder 
abduction, and trunk rotation. 

PROM Assessment 

Start Position. The patient is prone or supine. In 
Vy prone, the shoulder is in 90° of abduction, the 
Form elbow is flexed to 90°, and the forearm is in midpo- 
3-12 sition (Fig. 3-59). A towel is placed under the 
humérus to achieve the abducted position. This start 
position is contraindicated if the patient has a history of 
posterior dislocation of the glenohumeral joint. 


Stabilization. The therapist stabilizes the scapula and 
maintains the position of the humérus, without restrict- 
ing movement. In prone, the plinth limits scapular pro¬ 
traction and anterior tilt. When assessing internai rota¬ 
tion ROM in supine with the shoulder in 90° of abduc¬ 
tion, Boon and Smith 16 recommend the therapist place 
one hand over the clavicle and coracoid process to stabi- 
lize the scapula for more reliable and reproducible results. 

Therapist’s Distal Hand Placement. The therapist grasps 
the distal radius and the ulna. 

End Position. The therapist moves the palm of the hand 
toward the ceiling to the limit of internai rotation (Fig. 
3-60)—that is, when scapular movement first occurs. 

End Feel. Firm. 

Joint Glide. Glenohumeral joint internai rotation —with the 
shoulder in the anatomical position, the convex humerai 
head glides posteriorly on the fixed concave glenoid cavity. 
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Measurement: Universal Goniometer 

Start Position. The patient is prone or supine. The shoul¬ 
der is in 90° of abduction, the elbow is flexed to 90°, and 
the forearm is in midposition (Fig. 3-61). A towel is 
placed under the humérus to achieve the abducted posi¬ 
tion. This start position is contraindicated if the patient 
has a history of posterior dislocation of the glenohumeral 
joint. 


Goniometer Axis. The axis is placed on the olecranon pro- 
cess of the ulna (Figs. 3-62 and 3-63). 

Stationary Arm. Perpendicular to the floor. 

Movable Arm. Parallel to the longitudinal axis of the ulna, 
pointing toward the ulnar styloid process. 

End Position. The palm of the hand is moved toward the 
ceiling to the limit of motion (shoulder internai rotation 
70°) (Figs. 3-63 and 3-64). 




Figure 3-61 Start position for shoulder internai rotation. 


Figure 3-62 Goniometer placement for shoulder internai rotation. 



Figure 3-63 Shoulder internai rotation. 
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Shoulder External Rotation 

AROM Assessment 

Substitute Movement. In supine with the shoulder in 90° 
abduction: elbow extension, scapular dépréssion, and shoul¬ 
der adduction. In sitting with the arm at the side: scapular 
dépréssion, shoulder adduction, and trunk rotation. 

PROM Assessment 

Start Position. The patient is supine. The shoulder is 
/ in 90° of abduction, the elbow is flexed to 90°, and 
Form the forearm is in midposition (Fig. 3-65). A towel is 
3-13 placed under the humérus to achieve the abducted 
position. This start position is contraindicated if the 
patient has a history of anterior dislocation of the gleno- 
humeral joint. 

Stabilization. The weight of the trunk. The therapist stabi- 
lizes the scapula. 

Therapist’s Distal Hand Placement. The therapist grasps 
the distal radius and the ulna. 


End Position. The therapist moves the dorsum of the 
hand toward the floor to the limit of external rotation 
(Fig. 3-66)—that is, when scapular movement first occurs. 

End Feel. Firm. 

Joint Glide. Glenohumeral joint external rotation — with the 
shoulder in the anatomical position, the convex humerai 
head glides anteriorly on the fixed concave glenoid cavity. 

Measurement: Universal Goniometer 

The measurement process is similar to that for internai 
rotation with the following exceptions. 

Start Position. The patient is supine (Fig. 3-67). This start 
position is contraindicated if the patient has a history of 
anterior dislocation of the glenohumeral joint. 

End Position. The dorsum of the hand moves toward the 
floor to the limit of motion (shoulder external rotation 
90°) (Fig. 3-68). 




Figure 3-66 Firm end feel at limit of shoulder external rotation. 


Figure 3-65 Start position for shoulder external rotation. 




Figure 3-67 Start position for shoulder external rotation. 


Figure 3-68 Shoulder external rotation. 
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Figure 3-69 Alternate start position for shoulder 
internai rotation. 


Alternate Assessment and 
Measurement: Internal/External 
Rotation 

If the patient cannot achieve 90° of shoulder abduction, 
the end feel can be assessed (not shown) and the mea¬ 
surement can be taken while the patient is sitting. The 
starting position should be documented. 

Start Position. The patient is sitting. To measure shoulder 
internai rotation, the shoulder is abducted to about 15°, 
the elbow is flexed to 90°, and the forearm is in midposi- 
tion (Fig. 3-69). To measure external rotation (not 
shown), the arm is at the side in adduction, the elbow is 
flexed to 90°, and the forearm is in midposition. 



Figure 3-70 Shoulder internai rotation. 


Goniometer Axis. The axis is placed under the olecranon 
process. 

Stationary Arm. Perpendicular to the trunk. 

Movable Arm. Parallel to the longitudinal axis of the ulna. 

End Positions. The palm of the hand is moved toward the 
abdomen to the limit of shoulder internai rotation (Fig. 
3-70). The therapist moves the hand away from the abdo¬ 
men to the limit of external rotation (not shown). 
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Muscle Length Assessment 

AND MEASUREMENT 


^-- Practice Makes Perfect 

To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


Pectoralis Major 

X This muscle length assessment technique is contra- 
Y^y indicated if the patient has a history of anterior 

Form dislocation of the glenohumeral joint. 

3-14 


Start Position. The patient is supine with the shoulder in 
external rotation and 90° élévation through a plane mid- 
way between forward flexion and abduction. The elbow 
is in 90° flexion (Fig. 3-71). 

Stabilization. The therapist stabilizes the trunk. 

End Position. The shoulder is moved into horizontal 
abduction to the limit of motion, to put the pectoralis 
major on full stretch (Figs. 3-72 and 3-73). 

Assessment. With shortness of the pectoralis major 
muscle, shoulder horizontal abduction will be restricted. 
The therapist either observes the available PROM or uses 
a goniometer to measure and record the available shoul¬ 
der horizontal abduction PROM. 

End Feel. Pectoralis major on stretch—firm. 


Origin 1 

Insertion 1 

Pectoralis Major 

a. Clavicular head: anterior 

Latéral lip of the 

border of the sternal half of 

intertubercular groove 

the clavicle. 

of the humérus. 

b. Sternal head: ipsilateral 


half of the anterior surface 


of the sternum; cartilage of 


the first 6 or 7 ribs; sternal 


end of the 6th rib; 


aponeurosis of the external 


abdominal oblique. 




Figure 3-71 Start position: length of pectoralis major. 


i 



Figure 3-72 Pectoralis major on stretch. 
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Pectoralis Minor 17 

^his muscle length assessment technique is contra- 
indicated if the patient has a history of posterior 
Form dislocation of the glenohumeral joint. 

Start Position. The patient is supine with the scapula over 
the side of the plinth, with the shoulder in external rota¬ 
tion and about 80° flexion. The elbow is flexed (Fig. 3-74). 

Stabilization. The weight of the trunk. 


End Position. The therapist applies force through the long 
axis of the shaft of the humérus to move the shoulder 
girdle in a cranial and dorsal direction to put the pectora¬ 
lis minor on full stretch (Figs. 3-75 and 3-76). 

Assessment. The therapist observes decreased scapular 
retraction ROM in the presence of a shortened length of 
pectoralis minor. 

End Feel. Pectoralis minor on stretch—firm. 




Figure 3-74 Start position: length of pectoralis minor. 


Figure 3-75 Pectoralis minor on stretch. 



Origin 1 

Insertion 1 

Pectoralis Minor 

Outer surfaces of ribs 2 to 4 or 3 

Médial border and 

to 5 near the costal cartilages; 

upper surface of 

fascia over corresponding 

the coracoid 

external intercostals. 

process of the 


scapula. 


Figure 3-76 Pectoralis minor. 
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SECTION II Régional Evaluation Techniques 


Muscle Strength 
Assessment (Table 3 - 4 ) 



Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


The strength of the muscles that connect the shoulder 
girdle to the trunk may be tested using Conventional 
Grading (either "through range" or "isometrically"). The 
weight of the upper extremity is often used to provide the 
necessary résistance to effectively test the scapular muscle 
strength. 

Isometric/Palpation Grading 
(Scapular Muscles) 

Isometric/palpation grading may be preferred to assess 
strength of the scapular muscles as these muscles func- 
tion primarily as stabilizers, and effect relatively small 
scapular ranges of movement. When the patient cannot 
be positioned in a gravity eliminated test position for 
weak muscles that are less than a grade 2, the isométrie/ 
palpation grading can be used. 


To employ isometric/palpation grading, the therapist 
positions the limb segment so the muscle contracts in 
inner range against gravity and grades the strength 
according to: the ability of the muscle to maintain the 
test position against gravity (grade 3) or against gravity 
and manual résistance (grades 3+ to 5), or the quality of 
the muscle contraction while the patient attempts to 
hold the test position (grades 0 to 2). 

If the patient is unable to hold the limb in any part of 
the ROM against gravity, for grades 0 to 2, one of the ther- 
apist's hands remains just below the limb to control its 
fall, and palpâtes the muscle to grade the strength accord¬ 
ing to the feel of the muscle contraction. 


Numerals 

Description Isometric/Palpation Grading 
The patient: 

Grade 5: 

Maintains the test position against grav¬ 
ity and maximal résistance. 

Grade 4: 

Maintains the test position against grav¬ 
ity and moderate résistance. 

Grade 3 + : 

Maintains the test position against grav¬ 
ity and minimal résistance. 

Grade 3: 

Maintains the test position against gravity. 


The patient is unable to hold the test 
position and the therapist palpâtes: 

Grade 2: 

A prolonged firm muscle contraction. 

Grade 2-: 

A minimal muscle contraction. 

Grade 1: 

A slight flicker of a muscle contraction 
and the muscle can be felt to relax. 

Grade 0: 

No muscle contraction. 


TABLE 3-4 Muscle Actions, Attachments, and Nerve Supply: The Shoulder Girdle 18 


Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral Nerve 

Nerve 

Root 

Serratus anterior 

Scapular 
abduction 
Scapular latéral 
rotation 

Outer surfaces and 
superior borders of 
the upper 8, 9, or 

10 ribs; fascia 
covering 
corresponding 
intercostal muscles 

Costal surface of the 
médial border of the 
scapula including 
the superior angle 
and the inferior 
angle 

Long thoracic 

C567 

Levator 

scapulae 

Scapular 
élévation 
Scapular médial 
rotation 

Transverse processes 
of the upper 4 
cervical vertebrae 

Médial border of the 
scapula between the 
superior angle and 
the root of the spine 

Third and fourth 
cervical; dorsal 
scapular 

C345 

Trapezius 
a. Upper fibers 

Scapular 

élévation 

Médial one-third of 
the superior nuchal 
line of the occipital 
bone; external 
occipital 
protubérance; 
ligamentum 
nuchae 

Posterior border of the 
latéral one-third of 
the clavicle 

Spinal accessory 

C34 


(continuée!) 
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TABLE 3-4 Continuée1 


Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral Nerve 

Nerve 

Root 

b. Middle fibers 

Scapular 

adduction 

Spinous processes 
of Tl to T5 and the 
corresponding 
supraspinous 
ligament 

Médial border of the 
acromion process 
and the superior 
border of the rest of 
the spine of the 
scapula 

Spinal accessory 

C34 

c. Lower fibers 

Scapular 

dépréssion 

Scapular 

adduction 

Spinous processes 
of T6 to Tl 2 and 
the corresponding 
supraspinous 
ligament 

Tubercle at the apex of 
the triangular 
surface at the 
médial end of the 
spine of the scapula 

Spinal accessory 

C34 

Rhomboid minor 

Scapular 
adduction 
Scapular médial 
rotation 

Inferior portion of the 
ligamentum 
nuchae; spinous 
processes of C7 
and Tl and the 
corresponding 
supraspinous 
ligament 

Base of the smooth 
triangular région at 
the root of the spine 
of the scapula 

Dorsal scapular 

C45 

Rhomboid major 

Scapular 
adduction 
Scapular médial 
rotation 

Spinous processes 
of T2 to T5 and the 
corresponding 
supraspinous 
ligament 

Médial border of the 
scapula between the 
root of the spine and 
inferior angle 

Dorsal scapular 

C45 

Deltoid 






a. Anterior fibers 

Shoulder flexion 
Shoulder 
internai 
rotation 

Anterior border of the 
latéral one-third of 
the clavicle 

Deltoid tuberosity on 
the latéral aspect of 
the humerai shaft 

Axillary 

C56 

b. Middle fibers 

Shoulder 

abduction 

Latéral border and 
superior surface of 
the acromion 
process 

Deltoid tuberosity on 
the latéral aspect of 
the humerai shaft 

Axillary 

C56 

c. Posterior 
fibers 

Shoulder 

extension 

Shoulder 

external 

rotation 

Inferior lip of the 
crest of the spine 
of the scapula 

Deltoid tuberosity on 
the latéral aspect of 
the humerai shaft 

Axillary 

C56 

Supraspinatus 

Shoulder 

abduction 

Médial two-thirds of 
the supraspinous 
fossa 

Superior facet of the 
greater tuberosity of 
the humérus 

Suprascapular 

C56 

Coracobrachialis 

Shoulder flexion 
and 

adduction 

Tip of the coracoid 
process 

Middle of the médial 
aspect of the shaft 
of the humérus 

Musculocutaneous 

C567 

Pectoralis major 

Shoulder 

horizontal 

adduction 

Shoulder 

internai 

rotation 

a. Clavicular head: 
anterior border of 
the médial third of 
the clavicle 

Latéral lip of the 
intertubercular 
groove of the 
humérus 

Médial and latéral 
pectoral 

C56 


(continuée!) 
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TABLE 3-4 Continued 


Primary 




Nerve 

Muscle 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral Nerve 

Root 



b. Sternal head: 


Médial and latéral 

C678T1 



médial half of the 
anterior surface of 
the sternum; 
cartilage of the 
first 6 or 7 ribs; 
aponeurosis of the 
external 

abdominal oblique 


pectoral 


Pectoralis minor 

Scapular 

Outer surfaces of ribs 

Médial border and 

Médial and latéral 

C5678T1 


protraction 

2-4 or 3-5 near the 

upper surface of the 

pectoral 



Scapular médial 

costal cartilages; 

coracoid process of 




rotation 

fascia over 
corresponding 
external intercostals 

the scapula 



Subscapularis 

Shoulder 

Médial two-thirds of 

Lesser tuberosity of 

Upper and lower 

C56 


internai 

the subscapular 

the humérus; 

subscapular 



rotation 

fossa of the 

anterior aspect 





scapula 

shoulder joint 
capsule 



Infraspinatus 

Shoulder 

Médial two-thirds of 

Middle facet of the 

Suprascapular 

C56 


external 

the infraspinous 

greater tuberosity of 




rotation 

fossa 

the humérus 



Teres minor 

Shoulder 

Upper two-thirds of 

Inferior facet of the 

Axillary 

C56 


external 

the latéral aspect 

greater tuberosity of 




rotation 

of the dorsal 
surface of the 
scapula, adjacent 
to the latéral border 
of the scapula 

the humérus 



Teres major 

Shoulder 

Posterior surface of 

Médial lip of the 

Lower subscapular 

C567 


extension 

the inferior angle of 

intertubercular 




Shoulder 

the scapula 

groove of the 




internai 

rotation 


humérus 



Latissimus dorsi 

Shoulder 

Posterior layer of the 

Floor of the 

Thoracodorsal 

C678 


extension 

thoracolumbar 

intertubercular 




Shoulder 

fascia that takes 

groove of the 




adduction 

attachment from 

humérus 




Shoulder 

the lumbar and 





internai 

sacral spinous 





rotation 

processes, the 
corresponding 
supraspinous 
ligament, and the 
posterior aspect of 
the crest of the 
ilium; spines of the 
lower 6 thoracic 
vertebrae anterior 
to the attachment 
of trapezius; lower 

3 or 4 ribs; inferior 
angle of the 
scapula 








CHAPTER 3 Shoulder Complex 


99 


Scapular Abduction and 
Latéral Rotation 

Against Gravity: Serratus Anterior 

Accessory muscles: trapezius (latéral rotation) and 
pectoralis minor (abduction). 

Form 

3-16 Start Position. The patient is supine. The shoulder is 
flexed to 90° with slight horizontal adduction (i.e. ; 15° 
médial to the sagittal plane), and the elbow is extended 
(Fig. 3-77). This position is an optimal test position for 
serratus anterior while decreasing the participation of 
pectoralis major. 19 



Figure 3-77 Start position: serratus anterior. 


Stabilization. The weight of the trunk. 

Movement. The patient abducts (protracts) the scapula 
through full ROM (Fig. 3-78). 

Palpation. Midaxillary line over the thorax. 

Substitute Movement. Pectoralis major, pectoralis minor. 

Résistance Location. Applied on the distal end of the 
humérus (Figs. 3-79 and 3-80). 

Résistance Direction. Scapular adduction. 



Figure 3-78 Screen position: serratus anterior. 
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Figure 3-79 Résistance: serratus anterior. 



Figure 3-80 Serratus anterior. 
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Gravity Eliminated: Serratus Anterior 

Start Position. The patient is sitting. The shoulder is flexed 
to 90° with slight horizontal adduction, and the elbow is 
extended (Fig. 3-81). The therapist supports the weight of 
the upper extremity. 

Stabilization. The patient is instructed to avoid trunk rota¬ 
tion. 



Figure 3-81 Start position: serratus anterior. 


End Position. The patient abducts the scapula through full 
ROM (Fig. 3-82). 

Substitute Movement. Pectoralis major and minor, upper 
and lower fibers of trapezius, and contralatéral trunk rota¬ 
tion. 



Figure 3-82 End position: serratus anterior. 
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Alternate Test 

Against Gravity: Serratus Anterior 

The patient must hâve adéquate shoulder flexor muscle 
strength to perform this test. 

Serratus anterior muscle activity is increased when the 
latéral (upward) rotation action of the muscle is stressed 
along with the straight scapular abduction action of the 
muscle. 20 This alternate test emphasizes the scapular lat¬ 
éral (upward) rotation and abduction actions of the ser¬ 
ratus anterior. 

Weakness of serratus anterior is demonstrated by 
"winging" 21 of the scapula. When "winging" is présent, 
the médial border and inferior angle of the scapula 
become more prominent, and the scapula remains in an 
adducted and medially rotated position. This test allows 
the therapist to observe the scapula for "winging" during 
the test procedure. 

Grading Method. This alternate test for Serratus Anterior is 
only performed against gravity using Isometric/Palpation 
Grading. 

Start Position. The patient is sitting. The shoulder is flexed 
to 120° with slight horizontal adduction (i.e., 15° médial 


to the sagittal plane), and the elbow in extension (Fig. 
3-83). 

Stabilization. The patient may hold onto the plinth with 
the nontest hand. 

Movement. The patient holds the test position. 

Palpation. Midaxillary line over the thorax anterior to the 
latéral border of the scapula (Fig. 3-84). 

Substitute Movement. Pectoralis major, pectoralis minor, 
contralatéral trunk rotation. 

Résistance Location. Applied on the distal end of the 
humérus (Fig. 3-83) and the latéral border of the scapula. 

Résistance Direction. Shoulder extension and scapular 
médial rotation. 



Figure 3-83 Alternate test: isométrie grading of serratus anterior. Figure 3-84 Alternate test: palpation grading of serratus anterior. 
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Figure 3-85 Start position: serratus anterior clinical test. 


Figure 3-86 End position: serratus anterior clinical test. 


Clinical Test: Serratus 
Anterior 

This is a quick clinical test used to assess whether the ser¬ 
ratus anterior muscle is strong or weak. A spécifie grade 
cannot be assigned. 

Start Position. The patient is standing and facing a wall. 
The hands are placed on the wall at shoulder level, the 
shoulders are in slight horizontal abduction, and the 
elbows are extended (Fig. 3-85). The thorax is allowed to 
sag toward the wall so that the scapulae are adducted. 


Movement. The patient pushes the thorax away from the 
wall so that the scapulae abduct (Fig. 3-86). 

Observation. Weakness is demonstrated by "winging" 21 of 
the scapula. The médial border and inferior angle of the 
scapula become more prominent, and the scapula remains 
in an adducted and medially rotated position. 
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Scapular Elévation 

Against Gravity: Upper Fibers of 
Trapezius and Levator Scapulae 

Start Position. The patient is sitting. The shoulders 
/ are slightly abducted, and the elbows are flexed to 

Form 90° (Fig. 3-87). 

3-17 

Movement. The patient elevates the shoulder girdle(s) to 
bring the acromion process closer to the ear (Fig. 3-88). 
For the unilatéral test, the therapist places the hand 
against the latéral aspect of the patienté head on the test 
side, maintaining the head in a neutral position to stabi- 
lize the origins of the muscles (Fig. 3-89). 


Palpation. Upper fibers of trapezius: on a point of a line 
midway between the inion and the acromion process. 
Levator scapulae: too deep to palpate. 

Substitute Movement. Unilatéral test: lowering ear to 
shoulder and contralatéral trunk side flexion. 

Résistance Location. Applied over the top of the 
shoulder(s) (Figs. 3-90 to 3-92). Isométrie grading is pre- 
ferred. 

Résistance Direction. Scapular dépréssion. 



Figure 3-87 Start position: upper fibers of 
trapezius and levator scapulae. 



Figure 3-88 Screen position: bilateral test 
for upper fibers of trapezius and levator 
scapulae. 



Figure 3-89 Screen position: unilatéral test 
for upper fibers of trapezius and levator 
scapulae. 



Figure 3-90 Résistance: upper fibers of 
trapezius and levator scapulae. 



Figure 3-91 Levator scapulae. 



Figure 3-92 Upper fibers of trapezius. 
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Gravity Eliminated: Upper Fibers of 
Trapezius and Levator Scapulae 

Start Position. The patient is prone. The arm is at the side, 
and the shoulder is in neutral rotation (Fig. 3-93). The 
therapist supports the weight of the upper extremity to 
reduce the résistance of friction between the plinth and 
the upper extremity. 

Stabilization. The weight of the head. 

End Position. The patient elevates the scapula through full 
ROM (Fig. 3-94). 



Figure 3-93 Start position: upper fibers of trapezius and levator 
scapulae. 


Substitute Movement. Contralatéral trunk side flexion. 

Alternate Test. If the patient is unable to assume a prone 
position, these muscles can be tested in the against 
gravity position of sitting using Isometric/Palpation 
Grading to assess the muscle strength for grades 2 or less. 
The therapist positions the shoulder girdle in élévation 
and palpâtes for the quality of muscle contraction while 
the patient attempts to hold the position. 



Figure 3-94 End position: upper fibers of trapezius and levator 
scapulae. 
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Scapular Adduction 

Against Gravity: Middle Fibers of 
Trapezius 

Accessory muscles: trapezius (upper and lower 
fibers). 

3-18 The patient must hâve adéquate shoulder hori¬ 
zontal abduction muscle strength to perform this test. 

Start Position 22 . The patient is prone. The shoulder is 
abducted to 90° and laterally rotated so the thumb points 
toward the ceiling. The elbow is extended (Fig. 3-95). 
Ekstrom and colleagues 20 confirm this to be an excellent 
position for activating middle fibers trapezius. 

Latéral rotation of the shoulder was found to increase 
middle fibers trapezius muscle activation and is crucial 



Figure 3-95 Start position: middle fibers of trapezius. 


when testing the muscle. 23 The laterally rotated position 
places teres major on stretch and subsequently exerts a 
pull on the latéral border of the scapula moving the scap- 
ula into a position of latéral rotation. 22 Positioning the 
scapula in latéral rotation favors testing of middle fibers 
trapezius as scapular adductors, as opposed to rhomboids 
that adduct the scapula with the scapula in médial rota¬ 
tion. 22 

Stabilization. The weight of the trunk. The therapist stabi- 
lizes the contralatéral thorax as required, to prevent lift¬ 
ing of the trunk. 

Movement. The patient raises the arm toward the ceiling 
and adducts the scapula toward the midline (Fig. 3-96). 



Figure 3-96 Screen position: middle fibers of trapezius. 
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Palpation. Between the médial (vertébral) border of the 
scapula and the vertebrae, above the spine of the scapula. 

Substitute Movement. Rhomboid major, rhomboid minor, 
ipsilateral trunk rotation, and shoulder horizontal abduc¬ 
tion. 



Figure 3-97 Résistance applied at distal forearm: middle fibers of 
trapezius. 


Résistance Location. Applied at the distal forearm 22 (Fig. 
3-97). In the presence of posterior deltoid muscle weak- 
ness, the arm hangs vertically over the edge of the plinth 
in 90° shoulder flexion and résistance is applied over the 
scapula (Fig. 3-98) and résistance location recorded. 
Isométrie grading is preferred. 


Résistance Direction. Scapular abduction. 



Figure 3-98 Résistance applied over scapula: middle fibers of 
trapezius. 
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Gravity Eliminated: Middle 
Fibers of Trapezius 

Start Position. The patient is sitting. The shoulder is 
abducted to 90° and laterally rotated. The elbow is 
extended (Fig. 3-99). The arm is supported by the thera- 
pist or on a powder board. 

Stabilization. The therapist instructs the patient to avoid 
trunk rotation. 



Figure 3-99 Start position: middle fibers of trapezius. 


End Position. The patient adducts the scapula through full 
ROM (Fig. 3-100). 

Substitute Movement. Shoulder horizontal abduction, and 
ipsilateral trunk rotation. 

Alternate Test. If the patient cannot assume a sitting pos¬ 
ture, this muscle can be tested in the against gravity posi¬ 
tion of prone-lying using Isometric/Palpation Grading to 
assess the muscle strength for grades 2 or less. The thera¬ 
pist supports the upper extremity, positions the scapula 
in adduction, and palpâtes for the quality of muscle con¬ 
traction while the patient attempts to hold the position. 



Figure 3-100 End position: middle fibers of trapezius. 
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Scapular Adduction and 
Médial Rotation 

Against Gravity: Rhomboid Major and 
Rhomboid Minor 

Accessory muscles: levator scapulae, middle fibers 
of trapezius. 

Form 

3-19 Start Position. The patient is prone. The dorsum of 
the hand is placed over the buttock of the nontest side, 
and the shoulders remain relaxed (Fig. 3-101). 

Stabilization. The weight of the trunk. 

Movement. The patient raises the arm away from the 
back. The weight of the raised upper extremity provides 
résistance to the scapular test motion (Fig. 3-102). 

Note: Inability to lift the hand off the buttock may be 
due to shoulder muscle weakness, notably subscapularis, 



Figure 3-101 Start position: rhomboids. 



Figure 3-103 Résistance: rhomboids. 


not rhomboid muscle weakness. Ensure that the hand is 
maintained over the nontest side buttock and that the 
patient adducts and medially rotâtes the scapula during 
the test. 

Palpation. On a point of an oblique line between the ver¬ 
tébral border of the scapula and C7 to T5. Rhomboid 
major can be palpated médial to the vertébral border of 
the scapula latéral to the lower fibers of trapezius, near 
the inferior angle of the scapula. 

Substitute Movement. Tipping the scapula forward 
through pectoralis minor. 21 

Résistance Location. Applied over the scapula (Figs. 3-103 
and 3-104). Ensure that résistance is not applied over the 
humérus. Isométrie grading is preferred. 

Résistance Direction. Scapular abduction and latéral rota¬ 
tion. 



Figure 3-102 Screen position: rhomboids. 




Figure 3-104 Rhomboids. 
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Gravity Eliminated: Rhomboid Major 
and Rhomboid Minor 

Start Position. The patient is sitting. The dorsum of the 
hand is placed over the nontest side buttock, and the 
shoulders remain relaxed (Fig. 3-105). 

Stabilization. The therapist instructs the patient to avoid 
trunk forward flexion and/or ipsilateral trunk rotation. 

End Position. The patient adducts and medially rotâtes 
the scapula by moving the arm away from the back while 
maintaining the hand over the buttock (Fig. 3-106). 

Substitute Movement. Ipsilateral trunk rotation and/or 
trunk forward flexion, and tipping the scapula forward. 



Figure 3-105 Start position: rhomboids. 


Alternate Test. If the patient cannot assume a sitting pos¬ 
ture, this muscle can be tested in the against gravity posi¬ 
tion of prone-lying, using Isometric/Palpation Grading to 
assess the muscle strength for grades 2 or less. The thera¬ 
pist supports the upper extremity away from the back 
while maintaining the hand over the buttock to position 
the scapula in adduction and médial rotation, and pal¬ 
pâtes for the quality of muscle contraction while the 
patient attempts to hold the position. 



Figure 3-106 End position: rhomboids. 
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Alternate Test Against Gravity: 
Rhomboid Major and Rhomboid Minor 

Accessory muscles: levator scapulae, middle fibers of tra- 
pezius. 

This test utilizes Kendall's 22 against gravity testing of 
rhomboids and levator scapulae. 


Résistance Direction. Shoulder abduction and flexion. 

For grades 2 or less. Isometric/Palpation Grading is used 
to assess the muscle strength. The therapist supports the 
humérus in extension and adduction and palpâtes rhom¬ 
boid major for the quality of muscle contraction while 
the patient attempts to hold the position. 


Start Position. The patient is prone. The shoulder is 
adducted 0°, the elbow is flexed and the forearm pro- 
nated (Fig. 3-107). 

Stabilization. The weight of the trunk. 

Movement. The patient raises the elbow upward and 
inward toward the opposite shoulder to extend and 
adduct the shoulder (Fig. 3-108). 

Palpation. On a point of an oblique line between the ver¬ 
tébral border of the scapula and C7 to T5. Rhomboid 
major can be palpated médial to the vertébral border of 
the scapula latéral to the lower fibers of trapezius, near 
the inferior angle of the scapula. 

Substitute Movement. Tipping the scapula forward using 
pectoralis minor. 

Résistance Location. Applied proximal to the elbow joint 
on the posteromedial aspect of the humérus (Figs. 3-109). 



Figure 3-107 Start position: rhomboids. 



Figure 3-108 Screen position: rhomboids. 


Figure 3-109 Résistance: rhomboids. 
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SECTION II Régional Evaluation Techniques 


Scapular Dépréssion and 
Adduction 


Movement. The patient raises the arm to produce déprés¬ 
sion and adduction of the scapula (Fig. 3-111). 


Against Gravity: Lower Fibers of 
Trapezius 


$ 


Accessory muscle: middle fibers of trapezius. 


Form Start Position. The patient is prone. The head is 
3-20 rotated to the opposite side, and the shoulder is 
abducted to about 130° (Fig. 3-110). Although the prone 
position is a gravity eliminated position for the move¬ 
ment of scapular dépréssion, the lower fibers of trapezius, 
through the position of the arm, work against résistance 
of the weight of the arm. 


Stabilization. The weight of the trunk. 


Palpation. Médial to the inferior angle of the scapula 
along a line between the root of the spine of the scapula 
and the T12 spinous process. 

Substitute Movement. Trunk extension, middle fibers of 
trapezius. 

Résistance Location. Isométrie grading is preferred, and 
the résistance is applied over the scapula (Figs. 3-112 and 
3-113). 

Résistance Direction. Scapular élévation and abduction. 



Figure 3-110 Start position: lower fibers of trapezius. 


Figure 3-111 Screen position: lower fibers of trapezius. 



Figure 3-113 Lower fibers of trapezius. 
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Gravity Eliminated: Lower Fibers of 
Trapezius 

Start Position. The patient is prone with the arms by the 
sides (Fig. 3-114). The therapist supports the arm through 
range, to reduce the résistance of friction between the 
plinth and the upper extremity. 

Stabilization. The weight of the trunk. 



Figure 3-114 Start position: lower fibers of trapezius. 


End Position. The patient depresses and adducts the 
scapula through full ROM (Fig. 3-115). 

Substitute Movement. Ipsilateral trunk side flexion and 
middle fibers of trapezius. 

Alternate Test. If the patient cannot assume a sitting pos¬ 
ture, this muscle can be tested in the against gravity posi¬ 
tion of prone-lying using Isometric/Palpation Grading to 
assess the muscle strength for grades 2 or less. 



Figure 3-115 End position: lower fibers of trapezius. 
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SECTION II Régional Evaluation Techniques 


Shoulder Flexion to 90° 

Against Gravity: Anterior 
Fibers of Deltoid 

^ X Accessory muscles: coracobrachialis, middle fibers 
yy of deltoid, clavicular fibers of pectoralis major, 
Form biceps brachii, upper and lower fibers of trapezius, 
3-21 and serratus anterior. 

Start Position. The patient is sitting. The arm is at the side, 
with the shoulder in slight abduction and the palm fac- 
ing medially (Fig. 3-116). 

Stabilization. The therapist stabilizes the scapula and 
clavicle. 



Figure 3-116 Start position: anterior fibers of deltoid. 


Movement. The patient flexes the shoulder to 90°, simul- 
taneously slightly adducting and internally rotating the 
shoulder joint (Fig. 3-117). 

Palpation. Anterior aspect of the shoulder joint just distal 
to the latéral one-third of the clavicle. 

Résistance Location. Applied on the anteromedial aspect 
of the arm just proximal to the elbow joint (Figs. 3-118 
and 3-119). 

Résistance Direction. Shoulder extension, slight abduc¬ 
tion and external rotation. 



Figure 3-118 Résistance: anterior fibers of deltoid. 



Figure 3-117 Screen position: anterior fibers of deltoid. Figure 3-119 Anterior fibers of 

deltoid. 
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Gravity Eliminated: Anterior 
Fibers of Deltoid 

Start Position. The patient is in a side-lying position on 
the nontest side. The arm is at the side, with the shoulder 
in slight abduction and neutral rotation (Fig. 3-120). The 
therapist supports the weight of the limb. 

Stabilization. The therapist stabilizes the scapula and 
clavicle. 



Figure 3-120 Start position: anterior fibers of deltoid. 


End Position. The patient flexes the shoulder to 90°, 
simultaneously slightly adducting and internally rotating 
the shoulder joint (Fig. 3-121). 

Substitute Movement. Scapular élévation and trunk exten¬ 
sion. 



Figure 3-121 End position: anterior fibers of deltoid. 
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SECTION II Régional Evaluation Techniques 


Shoulder Flexion and 
Adduction 


Résistance Location. Applied on the anteromedial aspect 
of the distal humérus (Figs. 3-125 and 3-126). 


Against Gravity: Coracobrachialis 

V Accessory muscles: anterior fibers of deltoid, cla- 
vicular fibers of pectoralis major, and the short 
Form head of biceps brachii. 

3-22 

Start Position. The patient is supine. The shoulder is in 
slight abduction and external rotation; the elbow is flexed 
with the forearm in supination (Fig. 3-122). 


Résistance Direction. Shoulder abduction and extension. 


Stabilization. The weight of the trunk. 


Movement. The patient flexes and adducts the shoulder 
while maintaining the shoulder in external rotation (Fig. 
3-123). 


Palpation. Proximal one-third of the anteromedial aspect 
of the arm, just anterior to the brachial puise (Fig. 3-124). 

Substitute Movement. Scapular élévation. 


Figure 3-122 Start position: coracobrachialis. 





Figure 3-123 Screen position: coracobrachialis. 


Figure 3-124 Palpation: coracobrachialis. 




Figure 3-125 Résistance: coracobrachialis. 


Figure 3-126 Coracobrachialis. 
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Gravity Eliminated: Coracobrachialis 

Start Position. The patient is in a side-lying position on 
the nontest side. The arm is at the side, with the shoulder 
in slight abduction and external rotation and the elbow 
fully flexed with the forearm supinated (Fig. 3-127). The 
therapist supports the weight of the arm. 



Figure 3-127 Start position: coracobrachialis. 


Stabilization. The therapist stabilizes the scapula. 

End Position. The patient flexes and adducts the shoulder 
through full ROM (Fig. 3-128). 

Substitute Movement. Scapular élévation. 



Figure 3-128 End position: coracobrachialis. 
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SECTION II Régional Evaluation Techniques 


Shoulder Extension 

Against Gravity: Latissimus Dorsi and 
Teres Major 

Accessory muscles: posterior fibers of deltoid, tri¬ 
ceps, and teres minor. 

Form 

3-23 Start Position. The patient is in a prone-lying posi¬ 
tion at the edge of the plinth. The arm is at the side, with 
the shoulder in internai rotation. The palm faces the ceil- 
ing (Fig. 3-129). 

Stabilization. The weight of the trunk, and the therapist 
stabilizes the scapula. 

Movement. The patient extends the shoulder through full 
ROM while maintaining slight shoulder adduction (Fig. 
3-130A). The posterior fibers of deltoid are essential for 


full shoulder extension. 24 In the event of deltoid paraly- 
sis, this test motion may be restricted to approximately 
one-third of the full shoulder extension ROM. 

Palpation. Latissimus dorsi: latéral to the inferior angle of 
the scapula or at the posterior wall of the axilla (Fig. 
3-130B) (inferior and latéral to palpation for teres major). 
Teres major: posterior wall of the axilla latéral to the axil- 
lary border of the scapula. 

Substitute Movement. Pectoralis minor. 

Résistance Location. Applied proximal to the elbow joint 
on the posteromedial aspect of the arm (Figs. 3-131 and 
3-132). 

Résistance Direction. Shoulder flexion and slight abduc¬ 
tion. 




Figure 3-129 Start position: latissimus dorsi and teres major. 



Figure 3-130 A. Screen position: latissimus dorsi and teres major. B. Palpation: latissimus dorsi. 
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Figure 3-131 Résistance: latissimus dorsi and teres major. 



Figure 3-132 Latissimus dorsi and teres major. 




Figure 3-133 Start position: latissimus dorsi and teres major. 


Figure 3-134 End position: latissimus dorsi and teres major. 


Gravity Eliminated: Latissimus 
Dorsi and Teres Major 

Start Position. The patient is in a side-lying position on 
the nontest side, with the arm at the side and the shoul¬ 
der in internai rotation. The hips and knees are flexed 
(Fig. 3-133). The therapist supports the weight of the arm. 


Stabilization. The weight of the trunk, and the therapist 
stabilizes the scapula. 

End Position. The patient extends the shoulder while 
maintaining shoulder adduction (Fig. 3-134). 

Substitute Movement. Pectoralis minor. 
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SECTION II Régional Evaluation Techniques 


Shoulder Abduction to 90° 

Against Gravity: Middle Fibers of 
Deltoid and Supraspinatus 


Résistance Location. Applied proximal to the elbow joint 
on the latéral aspect of the arm (Figs. 3-137 to 3-139). 

Résistance Direction. Shoulder adduction. 




Accessory muscles: none. 


* 

Form Start Position. The patient is sitting. The test arm is 
3-24 at the side in neutral rotation, and the elbow is 
extended (Fig. 3-135). 


Stabilization. The therapist stabilizes the scapula. 

Movement. The patient abducts the arm to 90° (Fig. 
3-136). 


Palpation. Middle fibers of deltoid: inferior to the tip of the 
acromion process. Supraspinatus: too deep to palpate. 


Alternate Test (not shown). This test may also be per- 
formed abducting the arm in the plane of the scapula 
(Fig. 3-140). The scapular plane lies 30° to 45° anterior to 
the frontal plane. 3 Although there appears to be no différ¬ 
ence in the strength of the shoulder abductors when 
tested in the frontal or scapular planes of motion 25 , 
assessment in the plane of the scapula may be preferred. 
Movement performed in the scapular plane is a more 
functional plane of motion and produces less stress on 
the capsuloligamentous structures of the glenohumeral 
joint. The plane of motion used should be recorded. 


Substitute Movement. Upper fibers of trapezius (shoulder 
élévation), long head of biceps (shoulder external rota¬ 
tion), and contralatéral or ipsilateral trunk side flexion. 




Figure 3-136 Screen position: middle fibers of deltoid and 
supraspinatus. 



Figure 3-135 Start position: middle fibers of deltoid and 
supraspinatus. 


Figure 3-137 Résistance: middle fibers of deltoid and 
supraspinatus. 
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Figure 3-140 Shoulder abduction in the scapular plane. 
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SECTION II Régional Evaluation Techniques 


Gravity Eliminated: Middle Fibers of 
Deltoid and Supraspinatus 

Start Position. The patient is supine. The test arm is at the 
side in neutral rotation with the elbow extended (Fig. 
3-141). The therapist supports the weight of the arm. 

Stabilization. The therapist stabilizes the scapula. 

End Position. The patient abducts the shoulder to 90° (Fig. 
3-142). 

Substitute Movement. Upper fibers of trapezius (shoulder 
élévation), long head of biceps (shoulder external rota¬ 
tion), and contralatéral trunk side flexion. 



Figure 3-141 Start position: middle fibers of deltoid and 
supraspinatus. 


Shoulder Adduction 

The primary muscles involved in this movement are 
tested in the following movements: 

Pectoralis major: shoulder horizontal adduction 
Latissimus dorsi: shoulder extension 
Teres major: shoulder extension. 

The shoulder adductors can be tested as a group with 
the patient in a supine position. The conventional grad- 
ing method is used for grades 0 to 2. For testing strength 
greater than a grade 2, the therapist offers résistance 
equal to the weight of the limb to simulate an against 
gravity testing situation. 



Figure 3-142 End position: middle fibers of deltoid and 
supraspinatus. 
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Shoulder Horizontal 
Adduction 


Movement. The patient horizontally adducts the shoulder 
through full ROM (Fig. 3-144). 


Against Gravity: Pectoralis Major 
(Sternal and Clavicular Heads) 


$ 


Accessory muscle: anterior fibers of deltoid. 


Form Start Position. The patient is supine. The shoulder is 
3-25 abducted to 90°, and the elbow is flexed to 90° (Fig. 
3-143). 


Palpation. Pectoralis major sternal head: anterior border of 
the axilla. Pectoralis major clavicular head: inferior to the 
middle of the anterior border of the clavicle. 

Substitute Movement. Trunk rotation. 

Résistance Location. Applied on the anterior aspect of the 
arm proximal to the elbow joint (Figs. 3-145 and 3-146). 


Stabilization. The weight of the trunk, and the therapist Résistance Direction. Shoulder horizontal abduction, 
stabilizes over the contralatéral shoulder as required to 
prevent lifting of the trunk. 





Figure 3-145 Résistance: pectoralis major. 



Figure 3-144 Screen position: pectoralis major. 



Figure 3-146 Pectoralis major. 
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SECTION II Régional Evaluation Techniques 


Gravity Eliminated: Pectoralis Major 
(Sternal and Clavicular Heads) 

Start Position. The patient is sitting. The shoulder is 
abducted to 90°, the elbow is flexed to 90°, and the arm 
is supported by the therapist (Fig. 3-147). 

Stabilization. The therapist stabilizes the scapula and 
trunk by placing the hand on top of the shoulder. 



Figure 3-147 Start position: pectoralis major. 


Against Gravity: Isolated 
Testing of Clavicular Head of 
Pectoralis Major, and Sternal 
Head of Pectoralis Major 

If there is weakness noted during testing of both heads of 
the pectoralis major, spécifie testing (not shown) of the 
sternal and clavicular heads should be performed because 
each head has a separate innervation. The patient is posi- 
tioned so that the humérus is aligned with the direct line 
of pull of each segment of the muscle. The patient is in the 
against gravity position of supine-lying. For grades 0 to 2, 
the therapist offers assistance equal to the weight of the 
limb to simulate a gravity eliminated testing situation. 

Clavicular Head 

Start Position. Shoulder abducted to about 70° to 75°. 

Movement. Adduction, forward flexion, and internai rota¬ 
tion of the shoulder (the hand reaches to a point above 
the contralatéral shoulder). 


End Position. The patient horizontally adducts the shoul¬ 
der through full ROM (Fig. 3-148). 

Substitute Movement. Contralatéral trunk rotation. 



Figure 3-148 End position: pectoralis major. 


Résistance Direction. Abduction, extension, and slight 
external rotation of the shoulder. 

Substitute Movement. Contralatéral trunk rotation, cora- 
cobrachialis, and short head of biceps brachii. 

Sternal Head 

Start Position. Shoulder abducted to about 135°. 

Movement. Adduction, extension, and internai rotation 
of the shoulder (the hand reaches toward the contralat¬ 
éral hip). 

Résistance Location. Applied on the anteromedial aspect 
of the arm, proximal to the elbow joint. 

Résistance Direction. Abduction, flexion, and slight exter¬ 
nal rotation of the shoulder. 

Substitute Movement. Latissimus dorsi, teres major, and 
contralatéral trunk rotation. 


Résistance Location. Applied on the anteromedial aspect 
of the arm, proximal to the elbow joint. 
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Shoulder Horizontal 
Abduction 

Against Gravity: Posterior 
Fibers of Deltoid 



Accessory muscles: infraspinatus and teres minor. 


Form Start Position. The patient is prone. The shoulder is 
3-26 abducted to about 75°, the elbow is flexed to 90°, 
and the forearm is hanging vertically over the edge of the 
plinth (Fig. 3-149). 


Stabilization. The therapist stabilizes the scapula. 

Movement. The patient horizontally abducts and slightly 
externally rotâtes the shoulder (Fig. 3-150). 

Palpation. Inferior to the latéral aspect of the spine of the 
scapula. 

Substitute Movement. Rhomboids, middle fibers of trape- 
zius, and ipsilateral trunk rotation. 

Résistance Location. Applied on the postérolatéral aspect 
of the arm proximal to the elbow joint (Figs. 3-151 and 
3-152). 


Résistance Direction. Shoulder horizontal adduction and 
slight internai rotation. 




Figure 3-149 Start position: posterior fibers of deltoid. 


Figure 3-150 Screen position: posterior fibers of deltoid. 



Figure 3-151 Résistance: posterior fibers of deltoid. 



Figure 3-152 Posterior fibers of deltoid. 
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SECTION II Régional Evaluation Techniques 


Gravity Eliminated: Posterior 
Fibers of Deltoid 

Start Position. The patient is sitting. The shoulder is 
abducted to about 75° (Fig. 3-153). The upper extremity 
is supported by the therapist. 

Stabilization. The therapist stabilizes the scapula. 



Figure 3-153 Start position: posterior fibers of deltoid. 


End Position. The patient horizontally abducts and 
slightly externally rotâtes the shoulder (Fig. 3-154). 

Substitute Movement. Rhomboids, middle fibers of trape- 
zius, and ipsilateral trunk rotation. 



Figure 3-154 End position: posterior fibers of deltoid. 
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Shoulder Internai Rotation 

Against Gravity: Subscapularis 

Accessory muscles: teres major, pectoralis major, 
latissimus dorsi, and anterior fibers of deltoid. 

Form 

3-27 Start Position. The patient is prone. The shoulder is 
abducted to 90°, the elbow is flexed to 90°, the arm 
proximal to the elbow is resting on the plinth (Fig. 
3-155). 

Stabilization. The therapist stabilizes the humérus to pre- 
vent shoulder adduction. 

Movement. The patient internally rotâtes the shoulder by 
moving the palm of the hand toward the ceiling (Fig. 
3-156). 

Palpation. Subscapularis is too deep to palpate. 


Substitute Movement. Triceps (elbow extension) and pec¬ 
toralis minor (scapular protraction). 

Alternate Test. If the patient has a history of posterior 
dislocation of the glenohumeral joint and/or is unable to 
assume the prone position or achieve 90° of shoulder 
abduction, the gravity eliminated position of sitting is 
assumed (Fig. 3-158), and the therapist offers résistance 
equal to the weight of the limb to simulate an against 
gravity testing situation. 

Résistance Location. Applied proximal to the wrist joint 
(Figs. 3-157 to 3-159). Application of résistance stresses 
the shoulder and elbow joints, and caution should be 
exercised. 

Résistance Direction. Shoulder external rotation. 




Figure 3-157 Résistance: subscapularis. 


Figure 3-158 Alternate position: 
subscapularis. 


Figure 3-159 Subscapularis. 
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SECTION II Régional Evaluation Techniques 


Gravity Eliminated: Subscapularis 

Start Position. The patient is sitting. The shoulder is 
slightly abducted in neutral rotation and the elbow is 
flexed to 90° with the forearm in midposition (Fig. 
3-160). 

Stabilization. The therapist stabilizes the humérus to pre- 
vent shoulder abduction. 



Figure 3-160 Start position: subscapularis. 


End Position. The patient internally rotâtes the shoulder 
by bringing the palm of the hand toward the abdomen 
(Fig. 3-161). 

Substitute Movement. Triceps (elbow extension), shoulder 
abduction, and pronation of the forearm. 



Figure 3-161 End position: subscapularis. 
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Subscapularis Alternate Test. The patient must hâve full 
shoulder internai rotation ROM to assume this test posi¬ 
tion. This test maximizes the activity of subscapularis and 
minimizes the activity of the accessory muscles: latissi- 
mus dorsi, pectoralis major, 26 ' 27 and teres major. 26 

Start Position. The patient is sitting. The shoulder is inter- 
nally rotated and the dorsum of the hand is placed over 
the midlumbar spine (Fig. 3-162). 

Stabilization. The therapist instructs the patient to avoid 
trunk forward flexion and/or ipsilateral trunk rotation. 

End Position (not shown). The patient moves the hand 
away from the back. 

Palpation. Subscapularis is too deep to palpate. 

Substitute Movement. Ipsilateral trunk rotation and/or 
trunk forward flexion, and scapular anterior tilt, rétrac¬ 
tion, médial rotation, and élévation. 

Résistance Location (not shown). Applied proximal to the 
wrist joint. Application of résistance stresses the shoulder 
and elbow joints, and caution should be exercised. 

Résistance Direction. Shoulder external rotation. The iso¬ 
métrie test is preferred. 



Figure 3-162 Alternate test start position: subscapularis. 
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SECTION II Régional Evaluation Techniques 


Shoulder External Rotation 

Against Gravity: Infraspinatus and 
Teres Minor 


Movement. The patient externally rotâtes the shoulder by 
moving the dorsum of the hand toward the ceiling (Fig. 
3-164). 


Accessory muscle: posterior fibers of deltoid. 


Form Start Position. The patient is prone. The shoulder is 
3-28 abducted to 90°, the elbow is flexed to 90°, and the 
arm proximal to the elbow is resting on the plinth (Fig. 
3-163). 


Palpation. Infraspinatus: over the body of the scapula just 
inferior to the spine of the scapula. Teres minor: not pal¬ 
pable. 

Substitute Movement. Triceps (elbow extension) and 
lower fibers of trapezius (scapular dépréssion). 


Stabilization. The therapist stabilizes the humérus to pre- 
vent shoulder adduction. 
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Alternate Test. If the patient has a history of anterior dis¬ 
location of the glenohumeral joint and/or is unable to 
assume the prone position or achieve 90° of shoulder 
abduction, the gravity eliminated position in sitting is 
assumed and the resisted gravity eliminated methodol- 
ogy is used (Fig. 3-166). 





Figure 3-165 Résistance: infraspinatus and 
teres minor. 


Résistance Location. Applied proximal to the wrist joint 
on the posterior aspect of the forearm (Figs. 3-165 to 
3-167). Application of résistance stresses the elbow and 
shoulder joints, and caution should be exercised. 

Résistance Direction. Shoulder internai rotation. 



Figure 3-166 Alternate position: infraspinatus and teres minor. 



Figure 3-167 Infraspinatus and teres minor. 
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SECTION II Régional Evaluation Techniques 


Gravity Eliminated: Infraspinatus and 
Teres Minor 

Start Position. The patient is sitting. The arm is at the side, 
with the shoulder adducted in neutral rotation, and the 
elbow is flexed to 90° with the forearm in midposition 
(Fig. 3-168). 

Stabilization. The therapist stabilizes the humérus. 



Figure 3-168 Start position: infraspinatus and teres minor. 


End Position. The patient externally rotâtes the shoulder 
by taking the hand away from the body (Fig. 3-169). 

Substitute Movement. Triceps (elbow extension), lower 
fibers of trapezius (scapular dépréssion), and forearm 
supination. 



Figure 3-169 End position: infraspinatus and teres minor. 
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Functional Application 


Joint Function 

The function of the shoulder complex is to position or 
move the arm in space for the purpose of hand function. 
The shoulder complex is the most mobile joint complex 
in the body, providing a ROM that exceeds that of any 
other joint. Because of this mobility, stability is sacri- 
ficed. 8,28-32 


Functional Range of Motion 

The glenohumeral joint may be abducted and adducted, 
flexed and extended, and internally and externally 
rotated. In the performance of functional activities, the 
glenohumeral movements are accompanied at varying 
points in the ROM by scapular, clavicular, and trunk 
motion. These motions extend the functional range capa- 
bilities of the shoulder joint, and without their contribu¬ 
tion, movement of the upper limbs would be severely 
restricted. 29,31,32 The functional movements of the shoul¬ 
der complex are described to emphasize the interdepen- 
dence of the components of the shoulder complex and 
trunk throughout movement. 

Elévation of the Arm over the Head 

This functional motion of élévation to between 170° and 
180° may be achieved through forward flexion in the sagit¬ 
tal plane or abduction in the frontal plane. Owing to the 
position of the scapula, which lies 30° to 45° anterior to 
the frontal plane, 3 many daily functional activities are 
performed in the plane of the scapula. The plane of the 
scapula is the plane of reference for diagonal movements 


of shoulder élévation (Fig. 3-5). Scaption i is the term given 
to this midplane élévation. The plane used by an individ- 
ual dépends on the motion requirements of the activity 
and the position of the hand required for the task (Table 
3-5). 

To attain the full 180° of élévation through flexion or 
abduction, movement of the glenohumeral joint is accom¬ 
panied by movement at the sternoclavicular, acromiocla- 
vicular, and scapulothoracic joints. The final degrees of 
motion can be achieved only through contribution of the 
spinal movement of trunk extension and/or contralatéral 
latéral flexion. 3 ' 5,28 The total shoulder complex functions 
in a coordinated way to provide smooth movement and 
to gain a large excursion of movement for the upper 
extremity. The coordinated movement pattern achieved 
through scapulothoracic and glenohumeral movement is 
described as a "scapulohumeral rhythm''. 3,8,28,30 

There are individual variations as to the contribution 
of ail joints to the movement of elevating the arm over- 
head. Variation dépends on the plane of élévation, the 
arc of élévation, the amount of load on the arm, and indi¬ 
vidual anatomical différences. 32 Recognizing these varia¬ 
tions, it is generally noted that the range of glenohumeral 
to scapular motion throughout élévation is in the ratio of 
2:1; that is, 2° of glenohumeral motion to every 1° of 
scapular motion. 8,30,31,34 The scapulohumeral rhythm is 
described for élévation through flexion and for élévation 
through abduction. An understanding of the scapulo¬ 
humeral rhythm is essential in understanding the signifi- 
cance of limitations in joint range of motion at the shoul¬ 
der complex. 

Scapulohumeral Rhythm 

During the initial 60° of shoulder flexion in the sagittal 
plane or the initial 30° of abduction in the frontal plane, 
there is an inconsistent scapulohumeral rhythm. It is 


TABLE 3-5 Shoulder Horizontal Adduction/Abduction and Other Shoulder ROM* 
Required for Selected Functional Activities 33 

Activity 

Horizontal Adduction 

ROM (degrees)* 

Other Shoulder ROM (degrees) 

Washing axilla 

104 ± 12 

flexion 

52 ± 14 

Eating 

87 ± 29 

flexion 

52 ± 8 

Combing hair 

54 ± 27 

abduction 

112 ± 10 


Horizontal Abduction 

ROM (degrees) t 



Reaching maximally up back 

69 ± 11 

extension 

56 ± 13 

Reaching perineum 

86 ± 13 

extension 

38 ± 10 


*Values are mean ± SD for eight normal subjects. 

+ The 0° start position for establishing the degrees of horizontal adduction and horizontal abduction is 90° shoulder abduction 
(see Fig. 3-51). 
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during this phase that the scapula is seeking stability in 
relationship to the humérus. 34 " 36 The scapula is in a set- 
ting phase where it may remain stationary, or it may 
slightly medially (downward) or laterally (upward) 
rotate 34 (Fig. 3-170). The glenohumeral joint is the main 
contributor to movement in this phase. Feeding activities 
that are performed within this phase of shoulder éléva¬ 
tion include using a spoon or a fork and drinking from a 
cup. These activities are carried out within the ranges 
of 5° to 45° shoulder flexion and 5° to 30° shoulder 
abduction. 37 

Following the setting phase, there is a predictable 
scapulohumeral rhythm throughout the remaining arc of 
movement to 170° (Fig. 3-171). For every 15° of move¬ 
ment between 30° abduction or 60° flexion and 170° of 
abduction/flexion, 10° occurs at the glenohumeral joint 
and 5° occurs at the scapulothoracic joint. Movement of 
the scapula following the setting phase consists of the 
primary scapular movement of latéral (upward) rotation, 
accompanied by secondary rotations of posterior tilting 
(sagittal plane) and posterior rotation (transverse plane) 


as the humerai angle is increased with élévation of the 
arm in the scapular plane. 38 

Range to 170° through abduction dépends on a normal 
scapulohumeral rhythm and the ability to externally 
rotate the humérus fully through élévation. When the 
abducted arm reaches a position of 90°, movement 
through full range of élévation cannot continue because 
the greater tuberosity of the humérus contacts the supe- 
rior margin of the glenoid fossa and the coracoacromial 
arch. 5 ' 36 ' 39 External rotation of the humérus (in the range 
of approximately 25° to 50° 2 ) places the greater tuberosity 
posteriorly, allowing the humérus to move freely under 
the coracoacromial arch. Full shoulder élévation through 
flexion dépends on scapulohumeral rhythm and the abil¬ 
ity to rotate the humérus internally through range. 40 

The final degrees of élévation are achieved through 
contralatéral trunk latéral flexion (Fig. 3-172) and/or 
trunk extension. From the discussion of scapulohumeral 
rhythm, it becomes apparent that restriction in move¬ 
ment at any of the joints of the shoulder complex will 
limit the ability to position the hand for function. 





Figure 3-170 Setting phase of the scapula 
during élévation of the arm through 
abduction. The scapula remains stationary. 


Figure 3-171 Scapulohumeral rhythm: 
during élévation beyond 60° of flexion or 
30° of abduction, the scapula abducts and 
laterally (upward) rotâtes. 


Figure 3-172 Full élévation through 
abduction: full range is achieved through 
contralatéral trunk latéral flexion. 
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Figure 3-173 Shoulder extension accompanied 
by scapular adduction and médial (downward) 
rotation. 

Shoulder Extension 

The range of 60° of shoulder extension is primarily 
obtained through the glenohumeral joint. 39 In the perfor¬ 
mance of functional activities, extension is often accom¬ 
panied by adduction and médial (downward) rotation of 
the scapula (Fig. 3-173). A consistent scapulohumeral 
rhythm is not présent in this movement. 

Forty-three degrees to 69° of shoulder extension is 
required to reach maximally up the back 33 (e.g., when 
hooking a bra; see Fig. 3-174), and 28° to 48° shoulder 
extension is necessary to reach the perineum 33 when per- 
forming toilet hygiene. 

Horizontal Adduction and Abduction 

The movements of horizontal adduction and abduction 
allow the arm to be moved around the body at shoulder 
level for such activities as washing the axilla or the back 
(Fig. 3-175), writing on a blackboard (Fig. 3-176), and 
sliding a window horizontally open or closed. Although 
by définition horizontal adduction and abduction move¬ 
ments take place in the transverse plane, many ADL 
require similar motions in planes located above or below 
shoulder level. These movements may also be referred to 
as horizontal adduction and abduction until the frontal 
plane is approached; the movements are then referred to 
as either adduction or abduction. Table 3-5 provides 
examples of the ROM required for selected ADL, to bring 
the arm in front of the body (horizontal adduction) or 
behind the body (horizontal abduction) and position the 
arm for other shoulder movements needed to perform 
these activities. 



Figure 3-174 Functional extension and internai rotation of the 
shoulders. 



Figure 3-175 Horizontal adduction - pectoralis major 
function. 
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Figure 3-176 Horizontal abduction. 



Figure 3-177 Full shoulder external rotation. 


Internai and External Rotation 

Internai and external rotation range of movement varies 
with the position of the arm. Both internai and external 
rotation ranges average 68° when the arm is at the side, 
whereas when the arm is abducted to 90°, 70° of internai 
rotation and 90° of external rotation can be achieved. 11 
Full external rotation is required to place the hand 
behind the neck when performing self-care activities such 
as combing the hair (Fig. 3-177) and manipulating the 
clasp of a necklace. 

Shoulder internai rotation is needed to do up the but¬ 
tons on a shirt. Five degrees to 25° of shoulder internai 
rotation is required to use a spoon or fork and to drink 
from a cup. 37 Full glenohumeral joint internai rotation, 
augmented by scapulothoracic and elbow joint motion, 
positions the hand behind the back to reach into a back 
pocket, perform toilet hygiene, tuck in a shirt, and hook 
a bra (see Fig. 3-174). Mallon and colleagues 41 analyzed 
joint motions that occurred at the shoulder complex and 
elbow in placing the arm behind the back. The analysis 
revealed the presence of a coordinated pattern of motion 
occurring between scapular and glenohumeral joint 
motion. At the beginning of the ROM, internai rotation 
occurs almost exclusively at the glenohumeral joint as 
the hand is brought across in front of the body and to a 
position alongside the ipsilateral hip. As the movement 
continues and the hand is brought behind the low back, 
motion at the scapulothoracic joint augments glenohu¬ 
meral joint internai rotation. The elbow is then flexed to 
reach up the spine to the level of the thorax. 
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Shoulder rotations hâve a functional link with fore- 
arm rotation. 28 When the arm is away from the side, rota¬ 
tion at both joints is concerned with turning the palm to 
face either the floor or the ceiling. Shoulder internai rota¬ 
tion is linked with pronation of the forearm, as both 
actions occur simultaneously with performance of many 
activities and pronation can be amplified by internai 
rotation of the shoulder (Fig. 3-178). Shoulder external 
rotation has a functional link with supination of the fore¬ 
arm when the elbow is extended. Examples of activities 
that illustrate this combined action are inserting a light 
bulb into a ceiling socket, releasing a bowling bail from 
the extended arm, and manipulating the foot into a shoe 
(Fig. 3-179). 


Figure 3-178 Functional association: shoulder internai rotation 
and forearm pronation. 




Figure 3-179 Functional association: shoulder external rotation 
and forearm supination. 
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Muscle Function 

Shoulder Elévation 

The ability to perform activities involving élévation of 
the arm dépends on joint integrity for freedom of move- 
ment and on the strength and function of the muscles of 
the shoulder girdle that produce and control move- 
ment. 42 The muscles responsible for the smooth, coordi- 
nated action involved in élévation can be divided into 
four functional groups: 

1. Scapular stabilizers and motivators 

2. Humerai stabilizers 

3. Humerai flexors or abductors 

4. Humerai rotators 

The scapular stabilizers and motivators include the tra¬ 
pezius, rhomboids, serratus anterior, and levator scapu- 
lae. During the setting phase of the scapula there is mini¬ 
mal activity in these muscles (Fig. 3-170). The spécifie 
contribution of scapular muscles dépends on individual 
variation and whether the scapula, in its stabilizing rôle, 
is stationary, or slightly medially or laterally rotated. 34 
Following the setting phase, a scapulohumeral rhythm 
exists with movements of the scapula and humérus occur- 
ring simultaneously. The setting phase and simultaneous 
movement can be visualized by observing the position of 
the scapula in Figures 3-170 and 3-171. As the arm is ele- 
vated, there is a graduai increase in the activity of the 
scapular muscles to full range 34 as these muscles primarily 
rotate the scapula laterally or upward. The purpose of 
scapular rotation is to place the glenoid fossa and other 
latéral parts of the scapula in positions where the humérus 
can be raised without limitation imposed by bony and 
ligamentous structures. 43 The upper and lower fibers of 
trapezius and the serratus anterior are the prime movers 
responsible for the latéral rotation of the scapula. 3,38,44 
The serratus anterior appears to play a more prominent 
rôle in élévation through flexion, drawing the scapula 
more anteriorly around the chest wall, while the trapezius 
appears to be more important in abduction. 42 

The second group of muscles stabilizes the humerai 
head in the glenoid fossa. Because the glenohumeral joint 
is not a static fulcrum, this stabilization is referred to as 
dynamic stability. 45 The functional significance of the 
movement or stabilizing contribution of these muscles 
becomes apparent through the following descriptions of 
spécifie muscle contribution throughout élévation. 
Throughout the full range of movement, the head of the 
humérus is stabilized in the glenoid fossa by the action of 
subscapularis, supraspinatus, infraspinatus, the upper half 
of teres minor, 45,46 and the long head of biceps. 47 Through 
electromyographic studies, Saha 45 found that in abduction, 
the subscapularis and infraspinatus stabilize in the range of 
0° to 150° and the infraspinatus is the primary stabilizer 
throughout the remainder of range. Supraspinatus pro¬ 
vides stabilization in the pendant arm position. 30,46 

The third group of muscles acts to move the humérus 
in the sagittal or frontal plane. These muscles are active 
throughout a range of movement of 0° to 180°. These 
muscles proximally attach on the scapula and distally 


attach on the humérus and include the shoulder abduc¬ 
tors and shoulder flexors. The middle fibers of the deltoid 
and supraspinatus elevate the humérus through abduc¬ 
tion; the anterior fibers of deltoid and the clavicular por¬ 
tion of pectoralis major and coracobrachialis elevate the 
humérus through flexion. 

As the shoulder muscles contract to flex or abduct the 
arm, the rotator euff muscles stabilize or dynamically 
"fix" the head of the humérus in the glenoid fossa, thus 
creating a fulcrum or "fixed point" around which the 
humérus moves in abduction or flexion. This stabiliza¬ 
tion checks or prevents the occurrence of other, unwanted 
movements of the humérus that would be created by the 
contraction forces of the shoulder abductor or flexor 
muscles during élévation. 

The purpose of the fourth group is to rotate the 
humérus externally or internally. Elévation through 
abduction is accompanied by external rotation of the 
humérus. 5,28,36,39 The anterior fibers of deltoid function to 
rotate the humérus internally 48 , as flexion is accompa¬ 
nied by internai rotation. 40 

The function of élévation of the shoulder is to posi¬ 
tion and move the arm in space for the purpose of hand 
function. Hand activity places additional demands on the 
muscles of the shoulder girdle responsible for élévation. 
Sporrong and coworkers 49 evaluated activity in four mus¬ 
cles of the shoulder girdle, a scapular stabilizer and moti- 
vator (trapezius), the humerai stabilizers (supraspinatus, 
infraspinatus), and a humerai motivator (deltoid), with a 
small load, similar in weight to an industrial handtool, 
held in the hand in elevated arm positions while sitting. 
When increased hand-grip forces were applied to the 
load, muscle activity increased in the shoulder girdle 
muscles, most notably in the humerai stabilizers. 

Shoulder Adduction and Extension 

From élévation of the arm through flexion or abduction 
the arm is brought down to the side of the body through 
extension or adduction. When quick movement or force 
is required for an activity such as closing a window, 
climbing a ladder, or serving the bail in tennis (Fig. 
3-180), the latissimus dorsi and teres major adduct and 
extend the humérus. Although latissimus dorsi functions 
with or without résistance as a factor, teres major is only 
active in activities where résistance is a factor. 46 In this 
instance, teres major is accompanied by the action of 
rhomboids, functioning to rotate the scapula medially. 5,46 
When the arm is taken posteriorly from the side, in a 
sagittal plane, the latissimus dorsi and teres major are 
assisted by the posterior fibers of deltoid. 

The functional significance of the latissimus dorsi, 
through its attachment on the crest of the ilium, is appar¬ 
ent in activities that require weight bearing with the 
hands. 28 In activities such as crutch walking or rising 
from a sitting position (Fig. 3-173), the latissimus dorsi 
depresses the shoulder girdle to raise the trunk and pelvis. 
The sternal fibers of pectoralis major assist latissimus 
dorsi to elevate the trunk on the fixed humérus as in per- 
forming a weight relief raise 50 or during dépréssion trans¬ 
fers 51 for patients with low-level paraplegia. 
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Figure 3-180 Shoulder extension - latissimus dorsi and teres 
major function. 


Flexion and Adduction 

Pectoralis major is a flexor and adductor of the arm. The 
functional significance of its integrity is illustrated in self- 
care activities where the arm is flexed and adducted. This 
pattern of movement is évident in many self-care activi¬ 
ties, including dressing, bathing (Fig. 3-175), and hygiene 
tasks. 

Internai Rotation 

The subscapularis is the only pure internai rotator of the 
shoulder. 52 The teres major, latissimus dorsi, pectoralis 
major, and the anterior deltoid combine internai rotation 
with other movements previously described. Subscapularis 
internally rotâtes the humérus when the arm is posi- 
tioned in front of or behind the body. The muscle plays a 
major rôle in lifting the hand away from the région of the 
midlumbar spine 26 , for example, as one positions a pillow 
behind the back when sitting. 

Internai rotation has a functional link with pronation 
of the forearm, as both actions occur simultaneously 
with performance of many activities 28 and pronation can 
be amplified by internai rotation of the shoulder (Fig. 
3-178). 


External Rotation 

This movement is achieved through the action of infra- 
spinatus, teres minor, and posterior deltoid. External 
rotation has a functional link with the supinators of the 
forearm when the elbow is extended. 28 Both muscle 
groups are concerned with turning the palm to face the 
ceiling. Examples of activities that illustrate this com- 
bined action are inserting a light bulb into a ceiling 
socket, releasing a bowling bail from the extended arm, 
and manipulating the foot into a shoe (Fig. 3-179). 

References 

1. Standring S, ed. Gray's Anatomy: The Anatomical Basis of 
Clinical Practice. 39th ed. London: Elsevier Churchill 
Livingstone; 2005. 

2. Neumann DA. Kinesiology of the Musculoskeletal System: 
Foundations for Réhabilitation. 2nd ed. St Louis: Mosby Elsevier; 
2010. 

3. Soderberg GL. Kinesiology: Application to Pathological Motion. 
2nd ed. Baltimore: Williams & Wilkins; 1997. 

4. Perry J. Shoulder function for the activities of daily living. 
In: Matsen FA, Fu FH, Hawkins RJ, eds. The Shoulder: A 
Balance of Mobility and Stability. Rosemont, IL: American 
Academy of Orthopaedic Surgeons; 1993. 

5. Kapandji IA. The Physiology of the Joints. Vol. 1. The Upper 
Limb. 6th ed. New York: Churchill Livingstone Elsevier; 
2007. 

6. Norkin CC, White DJ. Measurement of Joint Motion: A Guide 
to Goniometry. 4th ed. Philadelphia: FA Davis; 2009. 

7. Daniels L, Worthingham C. Muscle Testing: Techniques of 
Manual Examination. 5th ed. Philadelphia: WB Saunders; 
1986. 

8. Levangie PK, Norkin CC. Joint Structure & Function: A 
Comprehensive Analysis. 3rd ed. Philadelphia: FA Davis; 
2001. 

9. Woodburne RT. Essentials of Human Anatomy. 5th ed. 
London: Oxford University Press; 1973. 

10. Magee DJ. Orthopédie Physical Assessment. 5th ed. St Louis: 
Saunders Elsevier; 2008. 

11. American Academy of Orthopaedic Surgeons. Joint Motion: 
Method ofMeasuring and Recording. Chicago: AAOS; 1965. 

12. Berryman Reese N, Bandy WD. Joint Range of Motion and 
Muscle Length Testing. Philadelphia: WB Saunders; 2002. 

13. Cyriax J. Textbook of Orthopaedic Medicine, Vol. 1. Diagnosis of 
Soft Tissue Lésions. 8th ed. London: Bailliere Tindall; 1982. 

14. Gajdosik RL, Hallett JP, Slaughter LL. Passive insufficiency of 
two-joint shoulder muscles. Clin Biomech. 1994;9:377-378. 

15. Kebaetse M, McClure P, Pratt NA. Thoracic position effect on 
shoulder range of motion, strength, and three-dimensional 
scapular kinematics. Arch Phys Med Rehabil. 1999;80:945-950. 

16. Boon AJ, Smith J. Manual scapular stabilization: its effect on 
shoulder rotational range of motion. Arch Phys Med Rehabil. 
2000;81:978-983. 

17. Evjenth O, Hamberg J. Muscle Stretching in Manual Therapy A 
Clinical Manual: The Extremities. Vol. 1. Alfta, Sweden: Alfta 
Rehab Forlag; 1984. 

18. Soames RW, ed. Skeletal System. In: Salmons S, ed. Muscle. 
Gray's Anatomy. 38th ed. New York: Churchill Livingstone; 
1995. 

19. Wang SS, Normile SO, Lawshe BT. Reliability and smallest 
détectable change détermination for serratus anterior mus¬ 
cle strength and endurance tests. Physiother Theor Pract. 
2006;22(l):33-42. 











140 


SECTION II Régional Evaluation Techniques 


20. Ekstrom RA, Donatelli RA, Soderberg GL. Surface electro- 
myographic analysis of exercises for the trapezius and ser- 
ratus anterior muscles. / Orthop Sports Phys Ther. 2003; 
33(5):247-258. 

21. Brunnstrom MA. Muscle testing around the shoulder girdle. 
/ Bone Joint Surg [Am]. 1941;23:263-272. 

22. Kendall FP, McCreary EK, Provance PG, Rodgers MM, 
Romani WA. Muscles Testing and Function with Posture and 
Pain. 5th ed. Philadelphia: Lippincott Williams & Wilkins; 
2005. 

23. Robel SJ, Mills MM, Terpstra L, Vardaxis V. Middle and lower 
trapezius manual muscle testing. J Orthop Sports Phys Ther. 
2009;39:A79-A79. 

24. Nishijima N, Yamamuro T, Fujio K, Ohba M. The swallowtail 
sign: a test of deltoid function. / Bone Joint Surg [Br]. 1994; 
77:152-153. 

25. Whitcomb LJ, Kelley MJ, Leiper CI. A comparison of torque 
production during dynamic strength testing of shoulder 
abduction in the coronal plane and the plane of the scapula. 
/ Orthop Sports Phys Ther. 1995;21:227-232. 

26. Greis PE, Kuhn JE, Schultheis J, Hintermeister R, Hawkins R. 
Validation of the lift-off test and analysis of subscapularis 
activity during maximal internai rotation. Am J Sports Med. 
1996;24:589-593. 

27. Kelly BT, Kadrmas WR, Speer KP. The manual muscle exam¬ 
ination for rotator cuff strength. Am J Sports Med. 1996;24: 
581-588. 

28. Smith LK, Lawrence Weiss E, Lehmkuhl LD. Brunnstrom's 
Clinical Kinesiology. 5th ed. Philadelphia: FA Davis; 1996. 

29. MacConaill MA, Basmajian JV. Muscles and Movements. 2nd 
ed. New York: RE Kreiger; 1977. 

30. Cailliet R. Shoulder Pain. 3rd ed. Philadelphia: FA Davis; 
1991. 

31. Rosse C. The shoulder région and the brachial plexus. In: 
Rosse C, Clawson DK, eds. The Musculoskeletal System in 
Health and Disease. New York: Harper & Row; 1980. 

32. Zuckerman JD, Matsen FA. Biomechanics of the shoulder. 
In: Nordin M, Frankel VM, eds. Basic Biomechanics of the 
Musculoskeletal System. 2nd ed. Philadelphia: Lea & Febiger; 
1989. 

33. Matsen FA, Lippitt SB, Sidles JA, Harryman DT. Practical 
Evaluation and Management ofthe Shoulder. Philadelphia: WB 
Saunders; 1994. 

34. Inman VT, Saunders M, Abbot LC. Observations on the 
function of the shoulder joint. / Bone Joint Surg. 1944;26:1- 
30. 

35. Dvir Z, Berme N. The shoulder complex in élévation of the 
arm: a mechanism approach. JBiomech. 1978;11:219-225. 

36. Kent BE. Functional anatomy of the shoulder complex: a 
review. Phys Ther. 1971;51:867-888. 


37. Safaee-Rad R, Shwedyk E, Quanbury AO, Cooper JE. Normal 
functional range of motion of upper limb joints during per¬ 
formance of three feeding activities. Arch Phys Med Rehabil. 
1990;71:505-509. 

38. Ludewig PM, Cook TM, Nawoczenski DA. Three-dimensional 
scapular orientation and muscle activity at selected posi¬ 
tions of humerai élévation. J Orthop Sports Phys Ther. 
1996;24:57-65. 

39. Peat M. The shoulder complex: a review of some aspects of 
functional anatomy. Physiother Can. 1977;29:241-246. 

40. Blakey RL, Palmer ML. Analysis of rotation accompanying 
shoulder flexion. Phys Ther. 1984;64:1214-1216. 

41. Mallon WJ, Herring CL, Sallay PI, et al. Use of vertébral 
levels to measure presumed internai rotation at the shoul¬ 
der: a radiologie analysis. / Shoulder Elbow Surg. 1996;5:299- 
306. 

42. Norkin CC, Levangie PK. Joint Structure & Function: A 
Comprehensive Analysis. 2nd ed. Philadelphia: FA Davis; 
1992. 

43. Duvall EN. Critical analysis of divergent views of movement 
of the shoulder joint. Arch Phys Med Rehabil. 1955;36:149- 
153. 

44. Johnson G, Bogduk N, Nowitzke A, House D. Anatomy and 
actions of the trapezius muscle. Clin Biomechanics. 
1994;9:44-50. 

45. Saha AK. Dynamic stability of the glenohumeral joint. Acta 
Orthop Scand. 1971;42:491-505. 

46. Basmajian JV, DeLuca CJ. Muscles Alive: Their Functions 
Revealed by Electromyography. 5th ed. Baltimore: Williams & 
Wilkins; 1985. 

47. Pagnani MJ, Deng X-H, Warren RF, Torzilli PA, O'Brien SJ. 
Rôle of the long head of the biceps brachii in glenohumeral 
stability: A biomechanical study in cadavers. J Shoulder 
Elbow Surg. 1996;5:255-262. 

48. Moore KL. Clinically Oriented Anatomy. Baltimore: Williams 
& Wilkins; 1980. 

49. Sporrong H, Palmerud G, Herberts P. Hand grip increases 
shoulder muscle activity: an EMG analysis with static hand 
contractions in 9 subjects. Acta Orthop Scand. 1996;67:485- 
490. 

50. Reyes ML, Gronley JK, Newsam CJ, Mulroy SJ, Perry J. 
Electromyographic analysis of shoulder muscles of men 
with low-level paraplegia during a weight relief raise. Arch 
Phys Med Rehabil. 1995;76:433-439. 

51. Perry J, Gronley JK, Newsam CJ, Reyes ML, Mulroy SJ. 
Electromyographic analysis of shoulder muscles during 
dépréssion transfers in subjects with low-level paraplegia. 
Arch Phys Med Rehabil. 1996;77:350-355. 

52. Lehmkuhl LD, Smith LK. Brunnstrom's Clinical Kinesiology. 
4th ed. Philadelphia: FA Davis; 1983. 



A 


Chapter 


Elbow and 


Forearm 
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Articulations and 
Movements 


The elbow, a modified hinge joint (Fig. 4-1), is composed 
of the humeroulnar and humeroradial joints. The humer- 
oulnar joint is formed proximally by the trochlea of the 
humérus, that is convex anteroposteriorly, 1 and articu¬ 
lâtes with the concave surface of the trochlear notch 
of the ulna. The convex surface of the capitulum of the 
humérus articulâtes with the concave proximal aspect of 
the radial head to form the humeroradial joint. 

The elbow may be flexed and extended in the sagittal 
plane with movement occurring around a frontal axis 



(Fig. 4-2). The axis for elbow flexion and extension "passes 
through the center of the arcs formed by the trochlear 
sulcus and the capitellum" 2(p - 534) of the humérus, except 
at the extremes of motion, when the axis is displaced 
anteriorly and posteriorly, 2 respectively. 

The forearm articulations (Fig. 4-1) consist of the 
superior and inferior radioulnar joints and the syndesmo- 
sis formed by the interosseous membrane between the 
radius and the ulna. The superior radioulnar joint is con- 
tained within the capsule of the elbow joint 1 and is a 
pivot joint formed between the convex surface of the 
radial head and the concave radial notch on the radial 
aspect of the proximal ulna. The annular ligament, lined 
with articular cartilage, encompasses the rim of the radial 
head. 3 When motion occurs at the superior radioulnar 



Figure 4-1 Elbow and forearm articulations. 


Figure 4-2 Elbow joint and forearm axes: (1) flexion-extension 
and (2) supination-pronation. 
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joint, motion also occurs at the humeroradial joint as the 
head of the radius spins on the capitulum. The inferior 
radioulnar joint is also a pivot joint, in which the con¬ 
cave ulnar notch on the médial aspect of the distal radius 
articulâtes with the convex head of the ulna. 

The forearm may be supinated and pronated. These 
movements occur around an oblique axis that passes 
through the head of the radius proximally and through 


the head of the ulna distally 4 ' 5 (Fig. 4-2). With the elbow 
in anatomical position, the movements of pronation 
and supination occur in the transverse plane around a 
longitudinal axis. In supination, the radius lies alongside 
the ulna (Fig. 4-3A). In pronation, the radius rotâtes 
around the relatively stationary ulna (Fig. 4-3B). The 
joints and movements of the elbow and forearm joints 
are described in Table 4-1. 


TABLE 4-1 Joint Structure: Elbow and Forearm Movements 


Flexion 

Extension 

Supination 

Pronation 

Articulation 1,6 

Humeroulnar, 

Humeroradial 

Humeroulnar, 

Humeroradial 

Humeroradial, 

Superior radioulnar, 
Inferior radioulnar, 
Interosseous 
membrane 

Humeroradial, 

Superior radioulnar, 
Inferior radioulnar, 
Interosseous 
membrane 

Plane 

Sagittal 

Sagittal 

Transverse 

Transverse 

Axis 

Frontal 

Frontal 

Longitudinal 

Longitudinal 

Normal limiting 
factors 3,6 " 8 * 

(see Fig. 4-3A 
and B) 

Soft tissue apposition 
of the anterior 
forearm and upper 
arm; coronoid 
process contacting 
the coronoid fossa 
and the radial head 
contacting the 
radial fossa; 
tension in the 
posterior capsule 
and triceps 

Olecranon process 
contacting the 
olecranon fossa; 
tension in the 
elbow flexors and 
anterior joint 
capsule and médial 
collateral ligament 

Tension in the 
pronator muscles, 
quadrate ligament, 
palmar radioulnar 
ligament of the 
inferior radioulnar 
joint, and oblique 
cord 

Contact of the radius 
on the ulna; tension 
in the quadrate 
ligament, the dorsal 
radioulnar ligament 
of the inferior 
radioulnar joint, the 
distal tract of the 
interosseous 
membrane, 9 
supinator, and 
biceps brachii 
muscles with elbow 
in extension 

Normal end feel 7,10,11 * 

Soft/hard/firm 

Hard/firm 

Firm 

Hard/firm 

Normal AROM 12t 
(AROM 13 ) 

0-150° (0-140°) 

0° (0°) 

0-80-90° (0-80°) 

0-80-90° (0-80°) 

Capsular pattern 10,11 

Elbow joint: humeroulnar joint - flexion, extension, and rotation full and painless 
radiohumeral joint - flexion, extension, supination, pronation 

Superior radioulnar joint: equal limitation of supination and pronation 

Inferior radioulnar joint: full rotation with pain at extremes of rotation 


*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here 
are based on knowledge of anatomy, clinical expérience, and available references. 

t AROM, active range of motion. 
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Figure 4-3 Normal limiting factors. A. Anteromedial view of elbow 
and supinated forearm showing noncontractile structures that 
normally limit motion. B. Posterior view of the elbow with forearm 
pronated showing noncontractile structures that normally limit 
motion. Motion limited by structure is identified in parenthèses, 
using the following abbreviations: F, flexion; E, extension; 

P, pronation; S, supination. Muscles normally limiting motion 
are not illustrated. 
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Surface Anatomy (Figs. 4-4, 4-5, and 4-6) 


Structure 


Location 


1. Acromion process 

2. Médial épicondyle of the humérus 

3. Latéral épicondyle of the humérus 

4. Olecranon process 

5. Head of the radius 

6. Styloid process of the radius 

7. Head of the third metacarpal 

8. Head of the ulna 

9. Styloid process of the ulna 


Latéral aspect of the spine of the scapula at the tip of the shoulder. 

Médial projection at the distal end of the humérus. 

Latéral projection at the distal end of the humérus. 

Posterior aspect of the elbow; proximal end of the shaft of the ulna. 

Distal to the latéral épicondyle of the humérus. 

Bony prominence on the latéral aspect of the forearm at the distal end of the radius. 
Bony prominence at the base of the third digit. 

Round bony prominence on the posteromedial aspect of the forearm at the distal 
end of the ulna. 

Bony projection on the posteromedial aspect of the distal end of the ulna. 





Figure 4-6 Bony anatomy, postérolatéral aspect of the arm. 
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Range of Motion 
Assessment and 
Measurement 



Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


Elbow Flexion-Extension/ 
Hyperextension 

AROM Assessment 

Substitute Movement. Flexion — trunk extension, shoulder 
flexion, scapular dépréssion, and wrist flexion. Extension — 
trunk flexion, shoulder extension, scapular élévation, and 
wrist extension. 

PROM Assessment 

Start Position. The patient is supine or sitting. The arm is 
in the anatomical position with the elbow in extension 
(Fig. 4-7). A towel is placed under the distal end of the 
^ humérus to accommodate the range of motion 
(ROM). Owing to biceps muscle tension, unusually 
c muscular men may not be able to achieve 0°. Up to 
4-1,4-2 15° of hyperextension is common in women 121415 or 
children because the olecranon is smaller. 15 

Stabilization. The therapist stabilizes the humérus. 

Therapist’s Distal Hand Placement. The therapist grasps 
the distal radius and the ulna. 

End Positions. The therapist moves the forearm in an ante- 
rior direction, to the limit of motion of elbow flexion (Fig. 
4-8). The therapist moves the forearm in a posterior direc¬ 
tion, to the limit of motion of elbow extension/hyperex¬ 
tension (Fig. 4-9). 

End Feels. Flexion — soft/hard/firm; extension/hyperextension — 
hard/firm. 

Joint Glides. Flexion — concave trochlear notch and con¬ 
cave radial head glide anteriorly on the fixed convexities 
of the trochlea and capitulum, respectively. Extension — 
concave trochlear notch and concave radial head glide 
posteriorly on the fixed convexities of the trochlea and 
capitulum, respectively. 



Figure 4-7 Start position for elbow flexion and extension/ 
hyperextension PROM. 



Figure 4-8 Soft, hard, or firm end feel at limit of elbow flexion. 



Figure 4-9 Hard or firm end feel at limit of elbow hyperextension. 
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Figure 4-10 Start position for elbow flexion and extension. 



Figure 4-11 Goniometer alignaient for elbow flexion and 
extension. 



Figure 4-12 End position for elbow flexion. 


Figure 4-13 End position for elbow hyperextension. 


Measurement: Universal Goniometer 

Start Position. The patient is supine or sitting. The arm is 
in the anatomical position with the elbow in extension 
(0°) (Fig. 4-10). A towel is placed under the distal end of 
the humérus to accommodate the ROM. Owing to biceps 
muscle tension, unusually muscular men may not be able 
to achieve 0°. 

Stabilization. The therapist stabilizes the humérus. 

Goniometer Axis. The axis is placed over the latéral épi¬ 
condyle of the humérus (Figs. 4-10 and 4-11). 

Stationary Arm. Parallel to the longitudinal axis of the 
humérus, pointing toward the tip of the acromion process. 

Movable Arm. Parallel to the longitudinal axis of the 
radius, pointing toward the styloid process of the radius. 

End Position. From the start position of elbow extension, 
the forearm is moved in an anterior direction so that the 
hand approximates the shoulder to the limit of elbow 
flexion (150°) (Fig. 4-12). 

Extension/Hyperextension. The forearm is moved in a pos- 
terior direction to the limit of elbow extension (0°)/ 
hyperextension (up to 15°) (Fig. 4-13). 


Alternate Measurement 


The patient is sitting (Figs. 4-14 and 4-15). 
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Supination-Pronation 


Stabilization. The therapist stabilizes the humérus. 


AROM Assessment 

Substitute Movement. Supination — adduction and external 
rotation of the shoulder and ipsilateral trunk latéral flex¬ 
ion. Pronation —abduction and internai rotation of the 
shoulder and contralatéral trunk latéral flexion. 


PROM Assessment 



Forms 
4-3,4-4 


Start Position. The patient is sitting. The arm is at 
the side, and the elbow is flexed to 90° with the 
forearm in midposition (Fig. 4-16A). 


Therapist’s Distal Hand Placement. The therapist grasps 
the distal radius and the ulna (see Fig. 4-16B). 

End Positions. The forearm is rotated externally from 
midposition so that the palm faces upward and toward 
the ceiling to the limit of forearm supination (Fig. 4-17A 
and B). The forearm is rotated internally so that the palm 
faces downward and toward the floor to the limit of fore¬ 
arm pronation (Fig. 4-18A and B). 

End Feels. Supination — firm; pronation —hard/firm. 



Figure 4-16 A. Start position for supination and pronation. B. Therapist’s hand position for PROM. 



Figure 4-17 A. Firm end feel at limit of supination. B. Therapist’s hand position. 
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Figure 4-18 A. Hard or firm end feel at limit of pronation. B. Therapist’s hand position. 


Joint Glides. Supination —(1) The convex radial head rotâtes 
within the fibro-osseous ring formed by the annular liga¬ 
ment and the fixed concave radial notch 16 and according to 
Baeyens and colleagues, 17 glides anteriorly, contrary to the 
concave-convex rule. (2) The concave ulnar notch glides 
posteriorly on the fixed convex ulnar head. 16 Pronation —(1) 
The convex radial head rotâtes within the fibro-osseous 
ring formed by the annular ligament and the fixed concave 
radial notch 16 and according to Baeyens and colleagues 17 
glides posteriorly contrary to the concave-convex rule. (2) 
The concave ulnar notch glides anteriorly on the fixed con¬ 
vex ulnar head. 16 Humeroradial joint —the head of the 
radius spins on the fixed capitulum during supination 
and pronation. 


Five Methods for Measuring 
Supination and Pronation 

Five methods of measuring forearm supination and pro¬ 
nation are presented. Three methods use the universal 
goniometer and two use the OB "Myrin" goniometer to 
measure forearm ROM. Most activities of daily living 
(ADL) combine forearm rotation with hand use (e.g., 
gripping). 18 Two of the five methods (one using the uni¬ 
versal goniometer and one the OB ''Myrin" goniometer) 
measure forearm rotation with the hand in a gripping 
posture that simulâtes functional movements (see Figs. 
4-19 and 4-29). The measurements performed using the 
universal goniometer (see Figs. 4-25 to 4-28) and the OB 
"Myrin" goniometer (see Fig. 4-32) positioned proximal 
to the wrist measure isolated forearm ROM. 

Forearm supination and pronation ROM are affected 
by change in elbow joint position, that is, as the elbow is 
flexed, forearm supination ROM increases and forearm 
pronation ROM decreases, and as the elbow is extended, 
the converse occurs. 19 The total forearm pronation and 
supination ROM is greatest between 45° and 90° of elbow 
flexion. 19 It is therefore important to maintain the elbow 
in 90° flexion when measuring forearm supination and 
pronation ROM. 
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Figure 4-19 Functional measurement method: start position for 
supination and pronation. 


Measurement: Universal Goniometer 

Start Position. The patient is sitting. The arm is at the side, 
and the elbow is flexed to 90° with the forearm in midpo- 
sition. A pencil is held in the tightly closed fist with the 
pencil protruding from the radial aspect of the hand, 14 
and the wrist in the neutral position (Fig. 4-19). The fist 
is tightly closed to stabilize the fourth and fifth metacar- 
pals, thus avoiding unwanted movement of the pencil as 
the test movements are performed. 

Stabilization. The patient stabilizes the humérus using the 
nontest hand. 

Goniometer Axis. The axis is placed over the head of the 
third metacarpal. 

Stationary Arm. Perpendicular to the floor. 

Movable Arm. Parallel to the pencil. 

End Position. The forearm is rotated externally from mid- 
position so that the palm faces upward and toward the 
ceiling to the limit of forearm supination (80° to 90° from 
midposition) (Fig. 4-20). 

Substitute Movement. Altered grasp of the pencil if the fist 
is not tightly closed during testing, thumb touching 
and moving the pencil, wrist extension and/or radial 
déviation. 

End Position. The forearm is rotated internally so that 
the palm faces downward and toward the floor to the 
limit of forearm pronation (80° to 90° from midposition) 
(Fig. 4-21). 

Substitute Movement. Altered grasp of the pencil, wrist 
flexion and/or ulnar déviation. 

High intratester 18,20 and intertester 18 reliability has 
been reported for the functional measurement method 
using the universal goniometer and the pencil held in 
the hand to measure active supination and pronation 
ROM. 



Figure 4-20 Supination. 


Figure 4-21 Pronation. 
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Alternate Measurement: Universal 
Goniometer 

This measurement is indicated if the patient cannot grasp 
a pencil. 

Start Position. The arm is at the side, and the elbow is 
flexed to 90° with the forearm in midposition. The wrist 
is in neutral, and the fingers are extended (Fig. 4-22). 

Stabilization. The patient stabilizes the humérus using the 
nontest hand. 

Goniometer Axis. The axis is placed at the tip of the mid- 
dle digit. 

Stationary Arm. Perpendicular to the floor. 

Movable Arm. Parallel to the tips of the four extended 
fingers. 

End Position. The forearm is rotated externally so that the 
palm faces upward and toward the ceiling to the limit 
of forearm supination (80° to 90° from midposition) 
(Fig. 4-23). 

Substitute Movement. Finger hyperextension, wrist exten¬ 
sion, and wrist déviations. 

End Position. The forearm is rotated internally so that the 
palm faces downward and toward the floor to the limit 
of forearm pronation (80° to 90° from midposition) 
(Fig. 4-24). 

Substitute Movement. Finger flexion, wrist flexion, and 
wrist déviations. 



Figure 4-22 Alternate method: start position for supination and 
pronation. 



Figure 4-23 Supination. 



Figure 4-24 Pronation. 
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Alternate Measurement: Universal 
Goniometer Proximal to Wrist 

This method éliminâtes joints distal to the forearm from 
influencing the measurement and can be used if the 
patient cannot grasp a pencil. Active range of motion 
(AROM) measured using this method demonstrated good 
intratester reliability with the stationary arm parallel to 
the midline of the humérus. 20 

Start Position. The arm is at the side, and the elbow is 
flexed to 90° with the forearm in midposition. The wrist 
is in neutral, and the fingers are relaxed (see Figs. 4-25 
and 4-27). 

Stabilization. The patient stabilizes the humérus using the 
nontest hand. 

Goniometer Axis. The axis is placed in line with the ulnar 
styloid process. 

Stationary Arm. Perpendicular to the floor. 

Movable Arm. Supination — against the anterior aspect 
of the distal forearm in line with the ulnar styloid process 



. jm 


Figure 4-25 Start position for supination. 


(Fig. 4-25). Pronation —against the posterior aspect of 
the distal forearm in line with the ulnar styloid pro¬ 
cess (Fig. 4-27). 

End Position. The forearm is rotated externally so that 
the palm faces upward and toward the ceiling to the 
limit of forearm supination (80° to 90° from midposi¬ 
tion) (Fig. 4-26). 

Substitute Movement. Shoulder adduction, shoulder exter- 
nal rotation, and ipsilateral trunk latéral flexion. 

End Position. The forearm is rotated internally so that the 
palm faces downward and toward the floor to the limit 
of forearm pronation (80° to 90° from midposition) 
(Fig. 4-28). 

Substitute Movement. Shoulder abduction, shoulder inter¬ 
nai rotation, and contralatéral trunk latéral flexion. 



Figure 4-26 End position for supination. 
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Measurement: OB “Myrin” Goniometer 

Start Position. The patient is sitting. The shoulder is 
adducted, and the elbow is flexed to 90° with the forearm 
in midposition. The wrist is in neutral, and the fingers are 
flexed (Fig. 4-29). 

Goniometer Placement. The dial is placed on the right- 
angled plate. The plate is held between the patienfs 
index and middle fingers. 


Stabilization. The therapist stabilizes the humérus. 

End Position. The forearm is rotated externally from mid¬ 
position to the limit of motion for supination (Fig. 4-30). 


Substitute Movement. Wrist extension and déviations, 
shoulder adduction with external rotation, and ipsilateral 
trunk latéral flexion. 

End Position. The forearm is rotated internally from mid¬ 
position to the limit of motion for pronation (Fig. 4-31). 


Figure 4-29 Start position for supination and pronation using the 
OB goniometer. 


Substitute Movement. Wrist flexion and déviations, shoul¬ 
der abduction with internai rotation, and contralatéral 
trunk latéral flexion. 


Figure 4-30 End position for supination. 





Figure 4-31 End position for pronation. 
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Alternate Placement: OB “Myrin” 
Goniometer Proximal to Wrist 

The strap is placed around the distal forearm. The dial is 
placed on the right-angled plate and attached on the 
radial side of the forearm (Fig. 4-32). This goniometer 
placement measures isolated forearm rotation ROM. 

Substitute Movement. Using this alternate goniometer 
placement, substitute movements for supination are lim- 
ited to shoulder adduction, shoulder external rotation, 
and ipsilateral trunk latéral flexion. Substitute movements 
for pronation are limited to shoulder abduction, shoulder 
internai rotation, and contralatéral trunk latéral flexion. 


Figure 4-32 Alternate OB goniometer placement for supination 
and pronation. 
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Muscle Length Assessment 

AND MEASUREMENT 



Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


Biceps Brachii 


Origin 1 

Insertion 1 

Biceps Brachii 

a. Short head: apex of the 

Posterior aspect of the 

coracoid process of the 

radial tuberosity and 

scapula. 

via the bicipital 

b. Long head: supraglenoid 

aponeurosis fuses 

tubercle of the scapula. 

with the deep fascia 
covering the origins 
of the flexor muscles 
of the forearm. 


Figure 4-33 Start position: length of biceps brachii. 


Start Position. The patient is supine with the shoulder 
in extension over the edge of the plinth, the elbow is 

Form flexed, and the forearm is pronated (Fig. 4-33). 

4-5 

Stabilization. The therapist stabilizes the humérus. 

End Position. The elbow is extended to the limit of 
motion so that the biceps brachii is put on full stretch 
(Figs. 4-34 and 4-35). 

End Feel. Biceps brachii on stretch—firm. 

Measurement. The therapist uses a goniometer to measure 
and record the available elbow extension PROM. If the 
biceps is shortened, elbow extension PROM will be 
restricted proportional to the decrease in muscle length. 

Universal Goniometer Placement. The goniometer is 
placed the same as for elbow flexion-extension. 


Figure 4-34 Goniometer measurement: length of biceps brachii. 
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Figure 4-35 Biceps brachii on stretch. 
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Triceps 


$ 

Form 

4-6 


Start Position. The patient is sitting with the shoul- 
der in full élévation through forward flexion and 
external rotation. The elbow is in extension and 
the forearm is in supination (Fig. 4-36). 


Stabilization. The therapist stabilizes the humérus. 

End Position. The elbow is flexed to the limit of motion so 
that the triceps is put on full stretch (Figs. 4-37 and 4-38). 

End Feel. Triceps on stretch—firm. 

Measurement. The therapist uses a goniometer to measure 
and record the available elbow flexion PROM. If the tri¬ 
ceps is shortened, elbow flexion PROM will be restricted 
proportional to the decrease in muscle length. 

Goniometer Placement. The goniometer is placed the same 
as for elbow flexion-extension. 


Origin 1 

Insertion 1 

Triceps 


a. Long head: infraglenoid 

Posteriorly, on the 

tubercle of the scapula. 

proximal surface of 

b. Latéral head: postérolatéral 

the olecranon; some 

surface of the humérus 

fibers continue 

between the radial groove 

distally to blend with 

and the insertion of teres 

the antebrachial 

minor; latéral intermuscular 
septum. 

c. Médial head: posterior 
surface of the humérus 
below the radial groove 
between the trochlea of the 
humérus and the insertion 
of teres major; médial and 
latéral intermuscular 
septum. 

fascia. 



Figure 4-36 Start position: length 
of triceps. 



Figure 4-37 End position: triceps on 
stretch. 



Figure 4-38 Goniometer measurement: 
length of triceps. 
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Alternate Measurement: Supine 

This position is used if the patient has decreased shoulder 
flexion ROM. 

Start Position. The patient is supine with the shoulder in 
90° flexion and the elbow in extension (Fig. 4-39). 

Stabilization. The therapist stabilizes the humérus. 





Figure 4-39 Alternate start position: triceps length. 


End Position. The elbow is flexed to the limit of motion to 
put the triceps on stretch (Fig. 4-40). 

Universal Goniometer Placement. The goniometer is 
placed the same as for elbow flexion-extension (see 
Fig. 4-38). 


Figure 4-40 End position: triceps on stretch. 
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Muscle Strength Assessment (Table 4 - 2 ) 


TABLE 4-2 

Muscle Actions, Attachments, and Nerve Supply: 



The Elbow and the Forearm 21 





Primary 

Muscle 




Nerve 

Muscle 

Action 

Muscle Origin 

Muscle Insertion 

Peripheral Nerve 

Root 

Biceps brachii 

Elbow flexion 

a. Short head: apex of 

a. Posterior aspect of 

Musculocutaneous 

C56 


Forearm 

the coronoid process 

the radial 




supination 

of the scapula 

tuberosity 





b. Long head: 

b. Bicipital 





supraglenoid tubercle 

aponeurosis: deep 





of the scapula 

fascia covering 
origins of the 
flexor muscles of 
the forearm 



Brachialis 

Elbow flexion 

Distal one-half of the 

Tuberosity of the 

Musculocutaneous, 

C56(7) 



anterior aspect of the 

ulna; rough 

Radial 




humérus; médial and 

impression on the 





latéral intermuscular 

anterior surface of 





septa 

the coronoid 
process 



Brachioradialis 

Elbow flexion 

Proximal two-thirds 

Latéral side of the 

Radial 

C56 



of the latéral 

distal end of the 





supracondylar ridge of 

radius, just 





the humérus; latéral 

proximal to the 





intermuscular septum 

styloid process 



Triceps 

Elbow 

a. Long head: 

Posteriorly, on the 

Radial 

C678 


extension 

infraglenoid tubercle 

proximal surface 





of the scapula 

of the olecranon; 





b. Latéral head: 

some fibers 





postérolatéral surface 

continue distally to 





of the humérus 

blend with the 





between the radial 
groove and the 
insertion of teres 
minor; latéral 
intermuscular septum 

antebrachial fascia 





c. Médial head: 






posterior surface of 
the humérus below 
the radial groove 
between the trochlea 
of the humérus and 
the insertion of teres 
major; médial and 
latéral intermuscular 
septa 





(continues) 
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TABLE 4-2 Continuée! 

Muscle 

Primary 

Muscle 

Action 

Muscle Origin 

Muscle Insertion 

Peripheral Nerve 

Nerve 

Root 

Supinator 

Forearm 

supination 

Latéral épicondyle of 
the humérus; radial 
collateral ligament 
of the elbow joint; 
annular ligament of 
the superior radioulnar 
joint; from the 
supinator crest of the 
ulna and the posterior 
part of the dépréssion 
anterior to it 

Antérolatéral and 
postérolatéral 
surfaces of the 
proximal one-third 
of the radius 

Posterior 
interosseous 
branch of radial 

C67 

Pronator te res 

Forearm 

pronation 

a. Humerai head: just 
proximal to the 
médial épicondyle; 
common forearm 
flexor muscle tendon 

b. Ulnar head: médial 
side of the coronoid 
process of the ulna 

Midway along the 
latéral surface of 
the radial shaft 

Médian 

C67 

Pronator 

quadratus 

Forearm 

pronation 

Distal one-fourth of the 
anterior surface of the 
shaft of the ulna 

Distal one-fourth of 
the anterior border 
and surface of the 
shaft of the radius; 
triangular area 
proximal to the 
ulnar notch of the 
radius 

Anterior 

interosseous 
branch of médian 

C78 
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Practice Makes Perfect 

To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


Elbow Flexion 


Against Gravity: Biceps Brachii 



Accessory muscles: brachialis, brachioradialis, pro- 
nator teres, 21 and extensor carpi radialis longus and 
brevis. 22 


Start Position. The patient is supine or sitting. The arm is 
at the side, the elbow is extended, and the forearm is 
supinated (Fig. 4-41). 


Stabilization. The therapist stabilizes the humérus. 

Movement. The patient flexes the elbow through full 
ROM (Fig. 4-42). 

Palpation. Anterior aspect of the antecubital fossa. 

Substitute Movement. Brachialis may substitute for biceps 
brachii, because it is an elbow flexor, irrespective of fore¬ 
arm positioning. 23 

Résistance Location. Applied proximal to the wrist joint on 
the anterior aspect of the forearm (Figs. 4-43 and 4-44). 

Résistance Direction. Forearm pronation and elbow exten¬ 
sion. 



Figure 4-43 Résistance: biceps brachii. 
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Gravity Eliminated: Biceps Brachii 

Start Position. The patient is sitting with the arm sup¬ 
portée! on a powder board. The shoulder is abducted to 
90°, the elbow is extended, and the forearm is supinated 
(Fig. 4-45). 

Alternate Start Position. The patient is in a side-lying posi¬ 
tion. The therapist supports the weight of the upper 
extremity (Fig. 4-46). 



Figure 4-45 Start position: biceps brachii. 


Stabilization. The therapist stabilizes the humérus. 

End Position. The patient flexes the elbow through full 
ROM (Fig. 4-47). 

Substitute Movement. Brachialis. 



Figure 4-47 End position: biceps brachii. 



Figure 4-46 Alternate start position. 






















162 


SECTION II Régional Evaluation Techniques 


Against Gravity: Brachialis and 
Brachioradialis 

\ Accessory muscles: biceps brachii, pronator teres, 21 
v* / and extensor carpi radialis longus and brevis. 22 
Form 4-8 

Start Position. The patient is supine or sitting. The 
arm is at the side, the elbow is extended, and the forearm 
is in pronation (Fig. 4-48). 


when the forearm is pronated, 23 muscle contraction must 
be confirmed by palpation and/or observation. 

Résistance Location. Applied proximal to the wrist joint 
on the posterior aspect of the forearm (Figs. 4-50, 4-51, 
and 4-52). 

Résistance Direction. Elbow extension. 


Stabilization. The therapist stabilizes the humérus. 

Movement. The patient flexes the elbow through full 
ROM (Fig. 4-49). 

Palpation. Brachialis: médial to biceps brachii tendon. 
Brachioradialis: antérolatéral aspect of the forearm, just 
distal to the elbow crease. Because both muscles are active 



Figure 4-50 Résistance: brachialis and brachioradialis. 


Figure 4-48 Start position: brachialis and brachioradialis. 



Figure 4-49 Screen position: brachialis and brachioradialis. 





Figure 4-52 Brachioradialis. 
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Gravity Eliminated: Brachialis and 
Brachioradialis 

Start Position. The patient is sitting with the arm sup¬ 
portée! on a powder board. The shoulder is abducted to 
90°, the elbow is extended, and the forearm is pronated 
(Fig. 4-53). An alternate position is side-lying (not 
shown). 


Stabilization. The therapist stabilizes the humérus. 

End Position. The patient flexes the elbow through full 
ROM (Fig. 4-54). 
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Elbow Extension 

Against Gravity: Triceps 


Movement. The patient extends the elbow through full 
ROM (Fig. 4-56). Ensure the patient does not lock the 
elbow in full extension (i.e., the close-packed position). 


$ 


Accessory muscle: anconeus. 


Form Start Position. The patient is supine. The shoulder is 
4-9 internally rotated and flexed to 90°, the elbow is 
flexed, and the forearm is supinated (Fig. 4-55). 


Palpation. Just proximal to the olecranon process. 

Résistance Location. Applied proximal to the wrist joint 
on the posterior aspect of the forearm (Figs. 4-57 and 
4-58). 


Stabilization. The therapist stabilizes the humérus. 


Résistance Direction. Elbow flexion. 



Figure 4-55 Start position: triceps. 



Figure 4-57 Résistance: triceps. 



Figure 4-56 Screen position: triceps. 



Figure 4-58 Triceps. 
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Gravity Eliminated: Triceps 

Start Position. The patient is sitting with the arm supported 
on a powder board. The shoulder is abducted to 90°, the 
elbow is flexed, and the forearm is supinated (Fig. 4-59). 

Alternate Start Position. The patient is in a side-lying posi¬ 
tion. The therapist supports the weight of the upper 
extremity (Fig. 4-60). 

Stabilization. The therapist stabilizes the humérus. 

End Position. The patient extends the elbow through full 
ROM, avoiding the close-packed position (Fig. 4-61). 

Substitute Movement. Scapular dépréssion and shoulder 
external rotation, permitting gravity to complété the ROM. 




Figure 4-59 Start position: triceps. 


Figure 4-60 Alternate start position. 



Figure 4-61 End position: triceps. 
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Alternate Against Gravity 
Assessment: Triceps 

This test is indicated if the patient has shoulder muscle 
weakness. 

The patient is prone. A towel is placed under the 
humérus for patient comfort during application of stabi¬ 
lization and résistance. The shoulder is abducted, and the 
elbow is flexed with the forearm and hand hanging verti- 
cally over the edge of the plinth (Fig. 4-62). The patient 
extends the elbow through the full ROM, avoiding the 
close-packed position (Fig. 4-63). Résistance is applied 
proximal to the wrist joint on the posterior aspect of the 
forearm (Fig. 4-64). 
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Supination 

Against Gravity: Supinator 
and Biceps Brachii 

Start Position. The patient is sitting. The arm is at 
IBI the side, the elbow is flexed to 90°, and the forearm 
Form is pronated (Fig. 4-65). 

4-10 

Stabilization. The therapist stabilizes the humérus. 

Movement. The patient supinates the forearm through 
full ROM (Fig. 4-66). Because gravity assists supination 
beyond midposition, slight résistance, equal to the 
weight of the forearm, may be applied by the therapist. 


Palpation. Biceps brachii: anterior aspect of the antecubital 
fossa. Supinator: posterior aspect of the forearm, distal to 
the head of the radius. 

Substitute Movement. Shoulder external rotation, shoul- 
der adduction, and ipsilateral trunk side flexion. 

Résistance Location. Applied on the posterior surface of 
the distal end of the radius with counterpressure on the 
anterior aspect of the ulna (Figs. 4-67 and 4-68). 

Résistance Direction. Forearm pronation. 




Figure 4-65 Start position: supinator and biceps brachii. 


Figure 4-66 Screen position: supinator and biceps brachii. 



Figure 4-67 Résistance: supinator and biceps brachii. 



Figure 4-68 Supinator. 
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Gravity Eliminated: Supinator and 
Biceps Brachii 

Start Position. The patient is supine with the arm at the 
side, the elbow flexed to 90°, and the forearm pronated 
(Fig. 4-69). 

Alternate Start Position (not shown). The patient is sitting, 
the shoulder and the elbow are flexed to 90°, and the 
forearm is pronated. 

Stabilization. The therapist stabilizes the humérus. 

End Position. The patient supinates the forearm through 
full ROM (Fig. 4-70). 

Substitute Movement. Shoulder adduction and external 
rotation. 



Figure 4-69 Start position: supinator and biceps brachii. 


Isolation of Supinator 

The biceps brachii does not supinate the forearm when 
the elbow is in extension and the movement is performed 
slowly and without résistance. 3,23 

Start Position. The patient is sitting, the arm is at the side, 
the elbow extended, and the forearm is pronated. 

Stabilization. The therapist stabilizes the humérus. 

Movement. The patient supinates the forearm through 
full ROM. The therapist palpâtes supinator during the 
movement (Fig. 4-71). 



Figure 4-71 Clinical test for isolation of supinator. 



Alternate Start Position (not shown). Using this test posi¬ 
tion, the biceps brachii is placed in a maximally short- 
ened position, that is, a position of active insufficiency. 
In this position, the biceps is put on slack and no longer 
has the ability to develop effective tension, thus isolating 
supinator. 

Start Position. The patient is supine, the shoulder is flexed 
90°, the elbow is fully flexed, and the forearm pronated. 

Stabilization. The therapist stabilizes the humérus. 

Movement. The patient slowly supinates the forearm. The 
therapist palpâtes supinator during the movement. 

In the presence of supinator muscle weakness, the patient 
will be unable to maintain the forearm in the fully supinated 
position using biceps alone. 24 


Figure 4-70 End position: supinator and biceps brachii. 
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Pronation 

Against Gravity: Pronator Teres and 
Pronator Quadratus 

Start Position. The patient is sitting. The arm is at 
ÇSy the side, the elbow is flexed to 90°, and the forearm 
Form is supinated (Fig. 4-72). 

4-11 

Stabilization. The therapist stabilizes the humérus. 

Movement. The patient prônâtes the forearm through full 
ROM (Fig. 4-73). Because gravity assists pronation beyond 
midposition, slight résistance, equal to the weight of the 
forearm, may be applied by the therapist. 

Palpation. Pronator teres: proximal one-third of the anterior 
surface of the forearm on a diagonal line from the médial 
épicondyle of the humems to the middle of the latéral bor¬ 
der of the radius. Pronator quadratus: too deep to palpate. 

Substitute Movement. Shoulder abduction and internai 
rotation, and contralatéral trunk side flexion. 

Résistance Location. Applied on the anterior surface of 
the distal end of the radius with counterpressure on the 
posterior aspect of the ulna (Figs. 4-74, 4-75, and 4-76). 

Résistance Direction. Forearm supination. 



Figure 4-72 Start position: pronator teres and pronator quadratus. 



Figure 4-73 Screen position: pronator teres and pronator quadratus. 



Figure 4-74 Résistance: pronator teres and pronator quadratus. 
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Gravity Eliminated: Pronator Teres and 
Pronator Quadratus 

Start Position. The patient is supine with the arm at the 
side, the elbow flexed to 90°, and the forearm supinated 
(Fig. 4-77). 

Alternate Start Position (not shown). The patient is sitting, 
the shoulder and the elbow are flexed to 90°, and the 
forearm is supinated. 


Stabilization. The therapist stabilizes the humérus. 

End Position. The patient prônâtes the forearm through 
full ROM (Fig. 4-78). 

Substitute Movement. Shoulder abduction and internai 
rotation. 

















CHAPTER 4 Elbow and Forearm 


171 


Functional Application 


Joint Function 

The function of the elbow complex is to serve the 
hand. 3 ' 6 ' 25 Movement at the elbow joint adjusts the over- 
all functional length of the arm. 16 Elbow extension 
moves the hand away from the body; elbow flexion 
moves the hand toward the body. Hand orientation in 
space and hand mobility are enhanced through supina¬ 
tion and pronation of the forearm. The elbow complex, 
including the forearm, contributes to many skilled and 
forceful hand movements involved in daily self-care, lei- 
sure, and work functions. The elbow complex also pro¬ 
vides the power necessary to perform lifting activities 26 
and activities involving raising and lowering of the body 
using the hands. 25 

The elbow and the forearm do not function in isola¬ 
tion, but link with the shoulder and wrist to enhance 
hand function. 3 When the elbow is extended, supination 
and pronation are functionally linked with shoulder 
external and internai rotations, respectively. 25 These 
linked movements occur simultaneously during activity. 
However, when the elbow is flexed, forearm rotation can 
be isolated from shoulder rotation. 25 This is illustrated in 
activities such as turning a door handle or using a screw- 
driver (Fig. 4-79). 



Figure 4-79 Elbow flexion isolâtes forearm rotation from shoulder 
rotation. 
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TABLE 4-3 Elbow and Forearm Range of Motion (ROM) Required for 
Selected Activities of Daily Living (ADL) 26 " 28 ’ 29 ’ 30 ’ 31 * 



Flexion ROM (°) 

Supination ROM (°) 

Pronation ROM (°) 

Activity 

Min 

Max 

Start End 

Start 

End 

Read a newspaper 26 

78 

104 

- - 

7 

49 

Rise from a chair 26 

20 

95 

- - 

10 

34 

Sit to stand to sit 28 

15 

100 

- - 

- 

- 

Open a door 26 

24 

57 

- 23 

35 

- 

Open a door 31 

- 

- 

- 77 

- 

- 

Pour from a pitcher 26 

36 

58 

22 - 

- 

43 

Pour water into a glass 30 

38 

50 

20 - 

- 

55 

Drink from a cup 27 

72 

129 

3 31 

- 

- 

Drink from a glass 30 

42 

132 

1 23 

- 

- 

Use a téléphoné 26 

43 

136 

23 - 

- 

41 

Use a téléphoné 28 

75 

140 

- - 

- 

- 

Use a téléphoné 30 

69 

143 

21 - 

- 

42 

Use a téléphoné 31 

- 

146 

- - 

- 

- 

Use a cellular phone 31 

- 

147 

- - 

- 

- 

Type on a computer 
keyboard 31 

- 

- 

- - 

- 

65 

Cut with a knife 26 

89 

107 

- - 

27 

42 

Put fork to mouth 26 

85 

128 

- 52 

10 

- 

Eat with a fork 27 

94 

122 

- 59 

38 

- 

Eat with a spoon 27 

101 

123 

- 59 

23 

- 

Eat with a spoon 28 

70 

115 

- - 

- 

- 

Eat with a spoon 30 

74 

133 

- 50 

9 

- 

Comb the hair 29 

112 

157 

- - 

- 

- 

Wash axilla 29 

104 

132 

- - 

- 

- 

Périnéal care 29 

35 

100 

- - 

- 

- 


*Mean values from original sources 26,27,30 rounded to the nearest degree. Médian values from original source. 28 Minimal and 
maximal values from the original source 29,31 rounded to the nearest degree. 
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TABLE 4-4 Elbow and Forearm Positions* of Healthy Subjects Measured During 
Personal Care and Hygiene Activities 26 


Hand to: 

Elbow Flexion (°) 

Supination (°) 

Pronation (°) 

Head—vertex 

119 

47 

- 

Head—occiput 

144 

2 

- 

Waist 

100 

12 

- 

Chest 

120 

29 

- 

Neck 

135 

41 

- 

Sacrum 

70 

56 

- 

Shoe 

16 

- 

19 


*Mean values from original source 26 rounded to the nearest degree. 


Functional Range of Motion 

The normal AROM 12 at the elbow is from 0° of extension 
to 150° of flexion, 80° to 90° of forearm pronation, and 
80° to 90° of forearm supination. However, many daily 
functions are performed with less than these ranges. The 
ROM required at the elbow and the forearm for selected 
ADL is shown in Table 4-3, as compiled from the works of 
Morrey, 26 Safaee-Rad, 27 Packer, 28 Magermans, 29 Raiss, 30 
Sardelli, 31 and their colleagues. Positions of the elbow and 
the forearm required to touch different body parts for 
Personal care and hygiene activities are shown in Table 
4-4, as based on the work of Morrey and colleagues. 26 The 
ROM requirements for ADL are influenced by the design 
of furniture, the placement of utensils, and the patient's 


posture. In part, these factors could account for the différ¬ 
ence in ROM findings between studies for similar ADL 
shown in Tables 4-3 and 4-4. Thus, the ROM values in 
Tables 4-3 and 4-4 should be used as a guide for ADL 
requirements. 

Many self-care activities can be accomplished within 
the arc of movement from 30° to 130° of flexion and from 
50° of pronation to 50° of supination. 26 Writing, pouring 
from a pitcher, reading a newspaper, and performing pér¬ 
inéal hygiene are examples of activities performed within 
these ranges of motion. Feeding activities such as drink- 
ing from a cup, using a spoon or a fork, and cutting with 
a knife (Fig. 4-80) may be performed within an arc of 
movement from about 45° to 136° of flexion and from 
about 47° of pronation to 59° of supination. 26 ' 28 ' 32 
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Figure 4-80 Elbow range within the arc of movement from 
about 45° to 136° of flexion and from about 47° of 
pronation to 59° of supination. A. Drinking from a cup. 

B. Eating using a spoon. C. Eating using a knife and a fork. 


Daily functions that may involve extreme ranges of 
elbow motion include combing or washing the hair (flex¬ 
ion, pronation, and supination) (Fig. 4-81), reaching a 
back zipper at the neck level (flexion, pronation), using a 
standard or cellular téléphoné (approximately 135° to 
145° flexion 26 ' 28 ' 30 ' 31 ) (Fig. 4-82), tying a shoe (16° flex¬ 
ion 26 ) (Fig. 4-83), donning a pair of trousers (extension) 
(Fig. 4-84), throwing a bail (extension), walking with axil- 
lary crutches (extension), using the arms to elevate the 
body when getting up from a chair (15° flexion 28 ), play- 
ing tennis (extension), and using a computer mouse or 
keyboard (65° pronation 31 ) (Fig. 4-85). 


Less elbow ROM is required to perform most upper 
extremity activities when elbow flexion and extension 
ROM is restricted and compensatory motions are allowed 
at normal adjacent joints. In this case, functional elbow 
ROM is from 75° to 120° flexion. 33 These compensatory 
motions occur at the thoracic and lumbar spines, shoul- 
der (primarily scapulothoracic and clavicular joints), and 
wrist. 34 With the elbow in a fixed position of 90° flexion, 
although there are limitations in function, in most cases 
ail personal care ADL (i.e., feeding and personal hygiene) 
can be performed. 33,35 This is supported by the fmdings of 
van Andel and colleagues 36 that a minimum of 85° elbow 
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Figure 4-81 Combing hair requires elbow flexion and forearm supination and pronation. 




Figure 4-82 Elbow flexion required when using a cellular phone. 


Figure 4-83 Tying a shoelace requires about 16° 
elbow flexion. 
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flexion is required to comb hair, reach a back pocket or 
the contralatéral shoulder, or bring the hand to the 
mouth to drink. 

With restriction of elbow ROM, loss of elbow flexion 
has a greater impact on loss of function than loss of elbow 
extension in a ratio of about 2:1. 37 Thus, the functional 
impact of a 5° loss of elbow flexion is approximately 
équivalent to a 10° loss of elbow extension ROM. 

In the presence of restricted forearm ROM, Kasten and 
associâtes 38 identified the main compensatory motions at 
the shoulder and elbow to be shoulder internal/external 
rotation, followed by shoulder abduction/adduction and 
elbow flexion/extension, and to a lesser extent shoulder 
flexion/extension. Compensatory motion also occurs at 
the wrist joint in the presence of restricted forearm ROM. 39 
Kasten and associâtes 38 concluded that with the forearm 
fixed in nearly neutral rotation, ail of the following ADL 
tasks, that is, pouring water in a glass, drinking from a 
glass, eating with a spoon, answering the phone, drawing 
a large number "8" on a desk, using a keyboard, turning a 
page, turning a key in a keyhole, combing the hair, and 



Figure 4-84 Elbow extension when donning a pair of 
trousers. 


cleaning genitals and buttocks, could be completed with 
the contribution of shoulder and elbow movements. 


Muscle Function 

Elbow Flexion 

Biceps brachii, brachialis, and brachioradialis are the pri- 
mary flexors of the elbow. The rôle of the flexors in func¬ 
tional activities is partially determined by the position of 
the elbow, forearm and adjacent joints, the magnitude 
of the résistance load, and the speed of movement. 3 Of 
clinical and functional significance is the electromyo- 
graphic data that indicate a fine interplay between the 
action of the flexors during activity and a wide range of 
muscle response between individuals. 23 The movement 
combinations required for a spécifie task are an important 
considération in specifying the contribution of each 
muscle to function and in analyzing movement compen¬ 
sation due to paralysis. 



Figure 4-85 Forearm pronation is required when using a 
computer mouse or keyboard. 
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Figure 4-87 Brachialis and brachioradialis function. 


Figure 4-86 Biceps brachii functions to bring food to the 
mouth. 


Biceps Brachii 

The biceps brachii acts as an elbow flexor and forearm 
supinator. This action is well illustrated in activities 
involving both movements, such as using a corkscrew, 
feeding utensil (Fig. 4-86), or screwdriver (see Fig. 4-79). 
Biceps functions most efficiently at 90° of elbow flex¬ 
ion. 6,22 The muscle does not contribute to supination 
when the elbow is extended, unless supination is strongly 
resisted, and does not function as an elbow flexor when 
the forearm is pronated. 23 Thus, the weakest elbow flex¬ 
ion strength is associated with forearm pronation. 40 The 
greatest elbow flexion strength occurs with the forearm 
in midposition. 22,40 Because the biceps brachii acts on 
three joints (i.e., the shoulder, elbow, and radioulnar), its 
efficiency is affected by the position of the shoulder. 22,25 
The biceps brachii is more efficient when the shoulder is 
extended than when flexed. This efficiency can be illus¬ 
trated in pulling activities that require shoulder exten¬ 
sion and elbow flexion, such as rowing, playing tug-of- 
war games, pulling the beater of a loom, and sweeping 
the floor. 


Brachialis 

The brachialis has been labeled the servile muscle 
among the elbow flexors, 41 because it is active in ail 
positions of the forearm, with and without résistance. 23 
Because the attachments of the brachialis are at the 
proximal end of the ulna, and the distal end of the 
humérus, this muscle is unaffected by changes in 
the position of the forearm resulting from rotation of 
the radius and the position of the shoulder. 3 Although 
ail flexors are recruited for a task such as hammering 
(Fig. 4-87), the brachialis is the idéal sélection because 
its sole function is elbow flexion. 

Brachioradialis 

This elbow flexor functions as a reserve flexor muscle, 
contributing to elbow flexion when speed of movement 
and force are required in the semipronated or pronated 
forearm position. 23 Its action can be illustrated in activi¬ 
ties such as drinking from a cup, hammering (see Fig. 
4-87), typing, or playing a keyboard instrument. 
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Elbow Extension: Triceps 

The triceps is the extensor muscle at the elbow. The rôle of 
the anconeus is controversial. The anconeus has been 
described as a muscle that is active in slow movements, 23 
has a stabilizing function during supination and prona¬ 
tion, 23 assists in elbow extension, 3 and has negligible 
action in extension. 41 

Because the long head of triceps crosses two joints, 
the effectiveness of this muscle is affected by the position 
of the shoulder. The long head becomes stretched with 
the elbow and shoulder joints in flexion. Therefore, the 
triceps is more effective in elbow extension when the 
shoulder is flexed. 25 This is illustrated in activities such as 
pushing a broom or vacuum cleaner or sawing wood. 

The médial head of triceps can be identified as the ser¬ 
vile portion of the muscle because it is always active dur¬ 
ing elbow extension. The latéral and long heads are 
recruited when force is required. 23 The function of the tri¬ 
ceps is illustrated in activities that involve élévation of the 
body, such as getting up from a chair (Fig. 4-88), walking 
with axillary crutches, performing push-ups, or other 
pushing activities such as pushing a door closed. 



Figure 4-88 Triceps functions to elevate the body when 
getting up from a chair. 



Figure 4-89 Supinator and biceps brachii function to supinate the forearm. 
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Figure 4-90 Pronator teres and pronator quadratus function. 


Forearm Supination: Supinator and 
Biceps Brachii 

The supinator, acting alone, produces supination in ail 
positions of the elbow. 23 ' 41 The biceps is recruited in 
elbow flexion when force and speed are demanded. The 
supination function of biceps is affected by elbow posi¬ 
tion and the muscle is most effective as a supinator with 
the elbow flexed at about 90°. 42 Most daily activities 
demand varying amounts of force and the combined 
movements of elbow flexion and forearm supination, for 
example, bringing food to the mouth and turning a page 
(Fig. 4-89). This combination functions to maintain or 
move the hand doser to the body and to rotate the hand 
so that the palm faces the ceiling. Brachioradialis also 
functions as a supinator through only a part of the ROM 


to bring the forearm from a pronated position to midpo- 
sition. 42 

The supinators and external rotators of the shoulder 
are functionally linked when the elbow is extended, 25 
because supination and shoulder external rotation occur 
simultaneously during activity. Supination strength is 
greater when performed with the shoulder in external 
than internai rotation, possibly due to the position of the 
long head of biceps increasing the length of the muscle 
in external rotation and thus contributing greater force 
output. 43 

Forearm Pronation: Pronator Teres and 
Pronator Quadratus 

The pronator teres and pronator quadratus muscles are 
active in pronation of the forearm. The pronator quadra¬ 
tus has been described as the most consistent muscle of 
the two, with the pronator teres being recruited for 
activities demanding fast or powerful movement, 23,41 
such as using a screwdriver to remove a tight screw, pitch- 
ing a bail, or playing racket sports. The pronators are 
recruited for many self-maintenance activities, including 
writing, washing one's body (Fig. 4-90), dressing, and 
hygiene tasks. Brachioradialis also functions as a pronator 
through only a part of the ROM to bring the forearm 
from a supinated position to midposition. 42 The prona¬ 
tors are functionally linked to the internai rotators of the 
shoulder, 25 because pronation and internai rotation of 
the shoulder occur simultaneously in many activities. 
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Chapter 



Wrist and 
Hand 



Articulations and 
Movements 


The articulations of the wrist and hand are illustrated in 
Figures 5-1 and 5-2. The movements of the wrist and 
hand are summarized in Tables 5-1, 5-2, and 5-3. 

Located between the forearm and hand, the wrist is 
made up of eight small bones (Figs. 5-1 and 5-2A). These 
bones are arranged in a proximal row (the scaphoid, 
lunate, triquetrum, and pisiform) and a distal row (the 
trapezium, trapezoid, capitate, and hamate). 

The proximal surface of the proximal row of carpal 
bones (excluding the pisiform, which articulâtes solely 
with the triquetrum) is convex (Fig. 5-2B). This convex 
surface articulâtes with the concave surface of the distal 
aspect of the radius and the articular dise of the inferior 
radioulnar joint to form the ellipsoidal, radiocarpal joint. 2 


The midcarpal joint is a compound articulation 2 formed 
between the proximal and distal rows of carpal bones. The 
proximal aspect of the distal row of carpal bones has a 
concave surface laterally, formed by the trapezium and 
trapezoid bones, and a convex surface medially, formed by 
the capitate and hamate (Fig. 5-2B). These surfaces articu- 
late with the corresponding distal aspect of the proximal 
row of carpal bones that has a convex surface laterally, 
formed by the scaphoid bone, and a concave surface medi¬ 
ally, formed by the scaphoid, lunate, and triquetrum. 

In the clinical setting, it is not possible to indepen- 
dently measure the motion at the radiocarpal and mid¬ 
carpal joints. Thus, wrist range of motion (ROM) mea- 
surements include the combined motion of both joints. 
Movement at the radiocarpal and midcarpal joints 
include wrist flexion, extension, radial déviation, and 
ulnar déviation. From the anatomical position, wrist flex¬ 
ion and extension occur in the sagittal plane around a 
frontal axis (Fig. 5-3). Wrist radial déviation and ulnar 



Figure 5-1 Wrist, finger, and thumb articulations. 
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Figure 5-2 Anterior view of the wrist showing the (A) bony anatomy and (B) the concave-convex contours of the 


midcarpal and radiocarpal joints. 

déviation occur in the frontal plane about a sagittal axis 
(Fig. 5-4). Maximal wrist flexion and extension active 
range of motion (AROM) occur with the wrist positioned 
near 0° radial and ulnar déviation and vice versa. 10 

Movement at the carpometacarpal (CM) joints (Fig. 5-1), 
formed between the distal surfaces of the distal row of 
carpal bones and the bases of the metacarpal bones, is 
essential for normal hand function. CM joint movement 
contributes to the flattening of the palm when the hand 



Figure 5-3 Wrist and finger frontal axes: ( 1 ) distal 
interphalangeal flexion-extension, ( 2 ) proximal 
interphalangeal flexion-extension, ( 3 ) 
metacarpophalangeal flexion-extension, and 
( 4 ) wrist flexion-extension. 


is opened fully (Fig. S-SA), and the guttering of the palm 
when gripping or manipulating objects (Fig. 5-5B). The 
mobile peripheral metacarpals of the ring and little fin- 
gers and the thumb move around the fixed metacarpals 
of the index and middle fingers. The mobility of the 
thumb, fourth, and fifth metacarpals around the fixed 
metacarpals of the index and middle fingers is observed 
as the open hand is made into a relaxed fist and then into 
a clenched fist (Fig. 5-6). In the clinical setting, it is not 



Figure 5-4 Wrist sagittal axis: ( 5 ) ulnar-radial déviation. 
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Figure 5-5 A. Flattening of the palm when hand is opened. B. Guttering of the palm when gripping or manipulating an 
object. 



Figure 5-6 Mobility at the fourth and fifth carpometacarpal joints is observed when (A) the relaxed fist is compared to 
(B) the clenched fist. 
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possible to directly measure movements at the CM joints 
of the second through fifth metacarpals, but it is possible 
to measure movement at the CM joint of the thumb. 

The CM joint of the thumb (Fig. 5-7) is a saddle joint 
formed between the distal surface of the trapezium, 
which is concave anteroposteriorly and convex medio- 
laterally, and the corresponding reciprocal surface of the 
base of the first metacarpal. The movements at the first 
CM joint include flexion, extension, abduction, adduc¬ 
tion, rotation, and opposition. Flexion and extension 
occur in an oblique frontal plane about an oblique sagit¬ 
tal axis (Fig. 5-8). During flexion, the thumb is moved 
from anatomical position (Fig. 5-9A) across the palmar 
surface of the hand (Fig. 5-9B). Thumb extension (Fig. 


5-9C) at the CM joint involves movement of the thumb 
laterally away from the anatomical position in the oppo¬ 
site direction to flexion. The thumb is abducted when 
moved from the anatomical position (Fig. 5-9D) in a 
direction perpendicular to the palm of the hand (Fig. 
5-9E). Adduction of the thumb returns the thumb to the 
anatomical position from the abducted position. 
Abduction and adduction of the thumb occur in an 
oblique sagittal plane around an oblique frontal axis. 
Opposition (Fig. 5-9F) is a sequential movement incorpo- 
rating abduction, flexion, and adduction of the first 
metacarpal, with simultaneous rotation. 11 



Figure 5-7 (A) Right thumb carpometacarpal joint with (B) articular surfaces exposed to show 


The metacarpophalangeal (MCP) joints of the hand are 
classified as ellipsoid joints, 2 each formed proximally by 
the convex head of the metatarsal articulating with the 
concave base of the adjacent proximal phalanx (Fig. 5-1). 
The movements at the MCP articulations include flexion, 
extension, abduction, adduction, and rotation. The 
movements that are measured in the clinical setting are 
flexion and extension, which occur in the sagittal plane 
around a frontal axis (see Fig. 5-3), and abduction and 
adduction, which occur in the frontal plane around a sag¬ 
ittal axis. It is not possible to measure rotation at the 
MCP joints in the clinical setting. 

The interphalangeal (IP) joints of the thumb and fingers 
(see Fig. 5-1) are classified as hinge joints, formed by the 
convex head of the proximal phalanx articulating with 
the concave base of the adjacent distal phalanx. The IP 
joints allow flexion and extension movements of the fin¬ 
gers that occur in the sagittal plane around a frontal axis 
(Fig. 5-3) and the thumb that occur in the oblique frontal 
plane about an oblique sagittal axis (Fig. 5-8). 


concave-convex contours. 



Figure 5-8 Thumb oblique sagittal axes: ( 1 ) 
carpometacarpal flexion-extension, ( 2 ) 
metacarpophalangeal flexion-extension, and 
( 3 ) interphalangeal flexion-extension. 
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Figure 5-9 (A) Anterior view—thumb in anatomical position. Thumb (B) flexion and (C) extension. (D) Latéral view—thumb in anatomical 
position. Thumb (E) abduction, and (F) opposition. 
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TABLE 5-1 Joint Structure: Wrist Movements 



Flexion 

Extension 

Radial Déviation 

Ulnar Déviation 

Articulation 1,2 

Radiocarpal 

Midcarpal 

Midcarpal 

Radiocarpal 

Midcarpal 

Radiocarpal 

Radiocarpal 

(prédominant) 

Midcarpal 

Plane 

Sagittal 

Sagittal 

Frontal 

Frontal 

Axis 

Frontal 

Frontal 

Sagittal 

Sagittal 

Normal limiting 
factors 1,3,4 * 

(see Fig. 5-1 OA 
and B) 

Tension in the 
posterior 
radiocarpal 
ligament and 
posterior joint 
capsule 

Tension in the anterior 
radiocarpal ligament 
and anterior joint 
capsule; contact 
between the radius 
and the carpal bones 

Tension in the ulnar 
collateral ligament, 
ulnocarpal ligament, 
and ulnar portion of 
the joint capsule; 
contact between the 
radial styloid process 
and the scaphoid 
bone 

Tension in the radial 
collateral ligament 
and radial portion 
of the joint capsule 

Normal end feel 3,5 

Firm 

Firm/hard 

Firm/hard 

Firm 

Normal AROM 6 
(AROM 7 ) 

0-80° (0-80°) 

0-70° (0-70°) 

0-20° (0-20°) 

0-30° (0-30°) 

Capsular pattern 5,8 

Flexion and extension 

are equally restricted 




*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here are 
based on knowledge of anatomy, clinical expérience, and available references. 




Figure 5-10 Normal Limiting Factors. A. Anterior view of the wrist showing noncontractile structures that normally limit motion at the 
wrist. B. Posterior view of the wrist showing noncontractile structures that normally limit motion at the wrist. Motion limited by structures is 
identified in brackets, using the following abbreviations: F, flexion; E, extension; UD, ulnar déviation; RD, radial déviation. Muscles normally 
limiting motion are not illustrated. 
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TABLE 5-2 Joint Structure: Finger Movements 


Flexion 

Extension 

Abduction 

Adduction 

Articulation 1,2 

Metacarpophalangeal (MCP) 

MCP 

MCP 

MCP 


Proximal interphalangeal (PIP) 

PIP 




Distal interphalangeal (DIP) 

DIP 



Plane 

Sagittal 

Sagittal 

Frontal 

Frontal 

Axis 

Frontal 

Frontal 

Sagittal 

Sagittal 

Normal limiting 

MCP: tension in the posterior 

MCP: Tension in the 

Tension in the 

Contact between 

factors 1 ’ 3,4 * 

joint capsule, collateral 

anterior joint capsule, 

collateral 

adjacent fingers 

(see Fig. 

ligaments; contact between 

palmar 

ligaments, 


5-11) 

the proximal phalanx and the 

fibrocartilagenous 

fascia, and 



metacarpal; tension in 

plate (palmar 

skin of the 



extensor digitorum 

ligament); tension in 

web spaces 



communis and extensor 

flexor digitorum 




indicis (when the wrist is 

profundus and flexor 




flexed) 9 

digitorum superficialis 




PIP: contact between the 

(when the wrist is 




middle and proximal 

extended) 9 




phalanx; soft tissue 

PIP: tension in the 




apposition of the middle and 

anterior joint capsule, 




proximal phalanges; tension 

palmar ligament 




in the posterior joint capsule, 

DIP: tension in the 




and collateral ligaments 

anterior joint capsule, 




DIP: tension in the posterior 

palmar ligament 




joint capsule, collateral 
ligaments, and oblique 
retinacular ligament 




Normal end 

MCP: firm/hard 

MCP: firm 

Firm 


feel 3,5 

PIP: hard/soft/firm 

PIP: firm 




DIP: firm 

DIP: firm 



Normal AROM 6 

MCP: 0-90° (0-90°) 

MCP: 0-45° (0-20°) 



(AROM 7 ) 

PIP: 0-100° (0-100°) 

PIP: 0° (0°) 




DIP: 0-90° (0-70°) 

DIP: 0° (0°) 



Capsular 

Metacarpophalangeal and interphalangeal joints: flexion, extension 


pattern 5,8 






*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here are 
based on knowledge of anatomy, clinical expérience, and available references. 



Figure 5-11 Normal Limiting Factors. Latéral view of the wrist 
and hand showing noncontractile structures that normally limit 
motion at the MCP and IP joints of the fingers (f) and thumb (t). 
Other noncontractile structures that normally limit motion at the 
MCP and IP joints and first CM joint are listed in Table 5-2. Motion 
limited by structures is identified in brackets, using the following 
abbreviations: F, flexion; E, extension; Abd, abduction. Muscles 
normally limiting motion are not illustrated. 
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TABLE 5-3 Joint Structure: Thumb Movements 




Palmar 



Flexion 

Extension 

Abduction 

Adduction 

Articulation 1,2 

Carpometacarpal (CM) 

CM 

CM 

CM 


Metacarpophalangeal (MCP) 

MCP 

MCP 

MCP 


Interphalangeal (IP) 

IP 



Plane 

CM: oblique frontal 

CM: oblique frontal 

CM: oblique sagittal 

CM: oblique sagittal 


MCP: frontal 

MCP: frontal 




IP: frontal 

IP: frontal 



Axis 

CM: oblique sagittal 

CM: oblique sagittal 

CM: oblique frontal 

CM: oblique frontal 


MCP: sagittal 

MCP: sagittal 




IP: sagittal 

IP: sagittal 



Normal limiting 

CM: soft tissue apposition 

CM: tension in the 

Tension in the 

Soft tissue 

factors 1,3,4 * 

between the thenar 

anterior joint 

fascia and skin of 

apposition 

(see Fig. 5-11) 

eminence and the palm; 

capsule, flexor 

the first web 

between the 


tension in the posterior 

pollicis brevis, and 

space, first 

thumb and 


joint capsule, extensor 

first dorsal 

dorsal 

index finger 


pollicis brevis, and 

interosseous 

interosseous, 



abductor pollicis brevis 

MCP: tension in the 

and adductor 



MCP: contact between the 

anterior joint 

pollicis 



first metacarpal and the 

capsule, palmar 




proximal phalanx; tension 

ligament, and flexor 




in the posterior joint 

pollicis brevis 




capsule, collateral 

IP: tension in the 




ligaments, and extensor 

anterior joint 




pollicis brevis 

capsule, palmar 




IP: tension in the collateral 

ligament 




ligaments, and posterior 
joint capsule; contact 
between the distal 
phalanx, 

fibrocartilagenous plate 
and the proximal phalanx 




Normal end feel 3,5,8 

CM: soft/firm 

CM: firm 

Firm 

Soft 


MCP: hard/firm 

MCP: firm 




IP: hard/firm 

IP: firm 



Normal AROM 6 

CM: 0-15° (0-15°) 

CM: 0-20° (0-20°) 

0-70° (0-70°) 

0° (0°) 

(AROM 7 ) 

MCP: 0-50° (0-50°) 

MCP: 0° (0°) 




IP: 0-80° (0-65°) 

IP: 0-20° (0-1 Oto 20°) 



Capsular pattern 5,8 

CM joint: abduction, extensior 

î 




MCP and IP joints: flexion, extension 




*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here are 
based on knowledge of anatomy, clinical expérience, and available references. 
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Surface Anatomy (Figs. 5-12,5-13, and 5-14) 


Structure 


Location 


1. Styloid process of the ulna 

2. Styloid process of the radius 

3. Metacarpal bones 

4. Capitate bone 

5. Pisiform bone 

6. Thumb web space 

7. Distal palmar crease 

8. Proximal palmar crease 

9. Thenar eminence 

10. Hypothenar eminence 

11. First CM joint 


Bony prominence on the posteromedial aspect of the forearm at the distal end of the ulna. 

Bony prominence on the latéral aspect of the forearm at the distal end of the radius. 

The bases and shafts are felt through the extensor tendons on the posterior surface of 
the wrist and hand. The heads are the bony prominences at the bases of the digits. 

In the small dépréssion proximal to the base of the third metacarpal bone. 

Médial bone of the proximal row of carpal bones; proximal to the base of the hypothenar 
eminence. 

The web of skin connecting the thumb to the hand. 

Transverse crease commencing on the médial side of the palm and extending laterally to 
the web between the index and middle fingers. 

Transverse crease commencing on the latéral side of the palm, extending medially and 
fading out on the hypothenar eminence. 

The pad on the palm of the hand at the base of the thumb; bound medially and distally 
by the longitudinal palmar crease. 

The pad on the médial side of the base of the palm. 

At the distal aspect of the anatomical snuffbox, the articulation between the base of the first 
metacarpal and the trapezium. 

{Anatomical snuffbox: with the thumb held in extension, the triangular area on the postéro¬ 
latéral aspect of the wrist and hand outlined by the tendons of the extensor pollicis longus 
laterally and the extensor pollicis brevis medially.) 



Figure 5-12 Bony anatomy, posterior aspect of the wrist and Figure 5-13 Posterior aspect of the wrist and hand. 

hand. 




Figure 5-14 Anterior aspect of the wrist and hand. 
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Range of Motion 
Assessment and 
Measurement 


Practice Makes Perfect 

To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


General Scan: Wrist and Hand 
Active Range of Motion 

The AROM of the wrist and hand is scanned to provide a 
general indication of the available ROM and/or muscle 
strength at the wrist and hand. With the patient sitting, 
the elbow flexed 90° and the forearm pronated, instruct 
the patient to: 

• Make a fist (Fig. 5-15A). Observe the AROM of finger 
flexion, thumb flexion and abduction, and wrist exten¬ 
sion. 

• Open the hand, and maximally spread the fingers (Fig. 
5-15B). Observe the AROM for finger extension and 
abduction, thumb extension, and wrist flexion. 

• Supinate the forearm and touch the pad of the thumb 
to the pad of the fifth finger (Fig. 5-15C). Observe the 
AROM for opposition of the thumb and fifth finger. 

The findings of the scan serve as a guide for detailed 
assessment of the région. 






Figure 5-15 General scan of wrist and hand AROM — the patient (A) makes a fist, (B) opens the hand, 
and (C) supinates the forearm and touches the pad of the thumb to the pad of the little finger. 
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Wrist Flexion-Extension 

AROM Assessment 

Substitute Movement. Wrist ulnar or radial déviation. 

PROM Assessment 

Start Position. The patient is sitting. The elbow is 
flexed, the forearm is resting on a table in prona- 
Forms bon, the wrist is in neutral position, the hand is 
5-1 - 5-2 over the end of the table, and the fingers are 
relaxed (Fig. 5-16). Finger position influences wrist ROM, 
therefore, wrist ROM should be assessed using consis- 
tently standardized finger position. 12 

Stabilization. The therapist stabilizes the forearm. 

Therapist’s Distal Hand Placement. The therapist grasps 
the metacarpals. 

End Position. The therapist moves the hand anteriorly to 
the limit of motion to assess wrist flexion (Fig. 5-17). The 
therapist moves the hand posteriorly to the limit of 


motion for wrist extension (Fig. 5-18). The fingers should 
be relaxed when assessing the end feels to avoid restric¬ 
tion of wrist flexion or extension due to stretch of the 
long finger extensors or flexors, respectively. 

End Feels. Wrist flexion — firm; wrist extension —firm/ 
hard. 

Joint Glides. Flexion. Radiocarpal joint — the convex surface 
of the proximal row of carpal bones glides posteriorly on 
the fixed concave surface of the distal radius and articular 
dise of the inferior radioulnar joint. Midcarpal joint —the 
concave surface formed by the trapezium and trapezoid 
glides in an anterior direction on the fixed convex surface 
of the scaphoid; the convex surface formed by the capi- 
tate and hamate glides in a posterior direction on the 
fixed concave surface formed by the scaphoid, lunate, 
and triquetrum bones. 

Extension. Radiocarpal joint —the convex surface of the 
proximal row of carpal bones glides anteriorly on the 
fixed concave surface of the distal radius and articular 
dise of the inferior radioulnar joint. Midcarpal joint —the 




Figure 5-16 Start position for wrist flexion and extension. 



Figure 5-17 Firm end feel at limit of wrist flexion. Figure 5-18 Firm or hard end feel at limit of wrist extension. 
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concave surface formed by the trapezium and trapezoid 
glides in a posterior direction on the fixed convex surface 
of the scaphoid; the convex surface formed by the capi- 
tate and hamate glides in an anterior direction on the 
fixed concave surface formed by the scaphoid, lunate, 
and triquetrum bones. 

The above represents a simplified explanation of wrist 
arthrokinematics with application of the concave-convex 
rule during wrist movement. 

Measurement: Universal Goniometer 

Start Position. The patient is sitting. The elbow is flexed, 
the forearm is resting on a table in pronation, the wrist is 
in a neutral position, and the hand is over the end of the 
table (Fig. 5-19). The fingers are relaxed to avoid restric¬ 
tion of wrist flexion or extension due to stretch of the 
long finger extensors or flexors, respectively. 

Stabilization. The therapist stabilizes the forearm. 


Goniometer Axis. The axis is placed at the level of the 
ulnar styloid process (Fig. 5-20). 

Stationary Arm. Parallel to the longitudinal axis of the 
ulna. 

Movable Arm. Parallel to the longitudinal axis of the fifth 
metacarpal. 

End Positions. The wrist is moved in an anterior direction 
to the limit of wrist flexion (80°) (Figs. 5-20 and 5-21). 
The wrist is moved in a posterior direction to the limit of 
wrist extension (70°) (Fig. 5-22). For both movements, 
ensure that the mobile fourth and fifth metacarpals are 
not moved away from the start position throughout the 
assessment procedure, and ensure that no wrist déviation 
occurs if full range cannot be obtained. 



Figure 5-19 Start position for wrist flexion and extension. 
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Figure 5-20 Goniometer alignment for wrist flexion and extension, 
illustrated at limit of wrist flexion. 



Figure 5-21 End position for wrist flexion. 



Figure 5-22 End position for wrist extension. 
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A 



Figure 5-23 Start position for wrist ulnar and radial déviation. 


Wrist Ulnar and 
Radial Déviation 

AROM Assessment 

Substitute Movement. Ulnar or radial déviation of the 
fingers, wrist flexion, and wrist extension. 

PROM Assessment 

Start Position. The patient is sitting. The forearm is 
resting on a table in pronation, the wrist is in neu- 
Forms tral position, the hand is over the end of the table, 
5-3 ’ 5 ' 4 and the fingers are relaxed (see Fig. 5-23). Finger 
position influences wrist ROM, therefore, wrist ROM 
should be assessed using consistently standardized finger 
position. 12 

Stabilization. The therapist stabilizes the forearm. 




Figure 5-24 Firm end feel at limit of wrist ulnar déviation. 



Therapist’s Distal Hand Placement. The therapist grasps 
the metacarpals from the radial aspect of the hand to 
assess wrist ulnar déviation. The therapist grasps the 
metacarpals from the ulnar aspect of the hand to assess 
wrist radial déviation. 

End Positions. The therapist moves the hand in an ulnar 
direction to the limit of motion to assess wrist ulnar 
déviation (Fig. 5-24). The therapist moves the hand in a 
radial direction to the limit of motion for wrist radial 
déviation (Fig. 5-25). 

End Feels. Ulnar déviation — firm; radial déviation — firm/ 
hard. 

Joint Glides. 13 Ulnar déviation. Radiocarpal joint — the con- 
vex surface of the proximal row of carpal bones glides 
laterally on the fixed concave surface of the distal radius 
and articular dise of the inferior radioulnar joint. Midcarpal 
joint —the convex surface formed by the capitate and 
hamate glides in a latéral direction on the fixed concave 
surface formed by the scaphoid, lunate, and triquetrum 
bones. 

Radial déviation. Radiocarpal joint —the convex surface 
of the proximal row of carpal bones glides medially on 
the fixed concave surface of the distal radius and articular 
dise of the inferior radioulnar joint. Midcarpal joint —the 
convex surface formed by the capitate and hamate glides 
in a médial direction on the fixed concave surface formed 
by the scaphoid, lunate, and triquetrum bones. 

The above represents a simplified explanation of wrist 
arthrokinematics with application of the concave-convex 
rule during wrist movement. 


Figure 5-25 Firm or hard end feel at limit of wrist radial déviation. 
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Measurement: Universal Goniometer 

Start Position. The patient is sitting. The elbow is flexed, 
the forearm is pronated, and the palmar surface of the 
hand is resting lightly on a table. The wrist remains in a 
neutral position and the fingers are relaxed (Fig. 5-26) to 
avoid restriction of wrist ulnar déviation due to finger 
constraints. 12 

Stabilization. The therapist stabilizes the forearm. 

Goniometer Axis. The axis is placed on the posterior 
aspect of the wrist joint over the capitate bone (Fig. 5-27). 



Figure 5-26 Start position for ulnar and radial déviation of the 
wrist. 



Figure 5-28 End position: ulnar déviation. 


Stationary Arm. Along the midline of the forearm. 

Movable Arm. Parallel to the longitudinal axis of the shaft 
of the third metacarpal. 

End Positions. Ulnar déviation (Figs. 5-27 and 5-28): the 
wrist is adducted to the ulnar side to the limit of ulnar 
déviation (30°). Radial déviation (Fig. 5-29): the wrist is 
abducted to the radial side to the limit of radial déviation 
(20°). Ensure the wrist is not moved into flexion or exten¬ 
sion. 



Figure 5-27 Goniometer alignment for wrist ulnar déviation and 
radial déviation, illustrated at limit of ulnar déviation. 



Figure 5-29 End position: radial déviation. 
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Figure 5-30 Start position: MCP joint flexion and extension. 


Finger MCP Flexion-Extension 

PROM Assessment 

Start Position. The patient is sitting. The forearm is 
resting on a table in midposition, the wrist is in 
Forms neutral position, and the fingers are relaxed (Fig. 
5 - 5 - 5 ' 6 5-30). 

Stabilization. The therapist stabilizes the metacarpal. 

Therapist’s Distal Hand Placement. The therapist grasps 
the proximal phalanx. 

End Positions. The therapist moves the proximal phalanx 
in an anterior direction to the limit of motion to assess 
MCP joint flexion (Fig. 5-31). The therapist moves the 
proximal phalanx in a posterior direction to the limit of 
motion for MCP joint extension (Fig. 5-32). 




Figure 5-31 Firm or hard end feel at the limit of MCP flexion. 


End Feels. MCP joint flexion — firm/hard; MCP joint exten¬ 
sion —firm. 

Joint Glides. MCP joint flexion —the concave base of the 
proximal phalanx glides in an anterior direction on the 
fixed convex head of the adjacent metacarpal. MCP joint 
extension —the concave base of the proximal phalanx 
glides in a posterior direction on the fixed convex head of 
the adjacent metacarpal. 



Figure 5-32 Firm end feel at the limit of MCP extension. 
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Measurement: Universal Goniometer 

Finger MCP Flexion 

Start Position. The patient is sitting. The forearm is resting 
on a table, the elbow is flexed, the wrist is slightly 
extended, and the MCP joint of the finger being mea- 
sured is in 0° of extension (Fig. 5-33). 

Stabilization. The therapist stabilizes the metacarpal. 

Goniometer Axis. The axis is placed on the posterior 
aspect of the MCP joint being measured. 

Stationary Arm. Parallel to the longitudinal axis of the 
shaft of the metacarpal. 

Movable Arm. Parallel to the longitudinal axis of the 
proximal phalanx. 



Figure 5-33 Start position for MCP flexion. 


End Position. Ail fingers are moved toward the palm to 
the limit of MCP joint flexion (90°) (Fig. 5-34). Range 
increases progressively from the index to the fifth finger. 1 
The IP joints are allowed to extend so that flexion at the 
MCP joint is not restricted due to tension of the long 
finger extensor tendons. 

Alternate Goniometer Placement. The index and fifth MCP 
joints may be measured on the latéral aspect of the joint 
(Figs. 5-35 and 5-36). Should joint enlargement prevent 
measurement on the posterior aspect, the index and fifth 
fingers may be measured and the range estimated for the 
middle and fourth fingers. 14 



Figure 5-34 End position: MCP flexion. 



Figure 5-35 Alternate goniometer placement for MCP flexion. 



Figure 5-36 Goniometer alignment on the latéral aspect of the 
joint for MCP joint flexion and extension, illustrated with the MCP 
joint in flexion. 
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Measurement: Universal Goniometer 

Finger MCP Extension 

Start Position. The patient is sitting. The forearm is resting 
on a table, the elbow is flexed, the wrist is slightly flexed, 
and the MCP joint of the finger being measured is in 0° 
of extension (Fig. 5-37). 

Stabilization. The therapist stabilizes the metacarpal. 

Goniometer Axis. The axis is placed on the anterior surface 
of the MCP joint being measured. 

Stationary Arm. Parallel to the longitudinal axis of the 
shaft of the metacarpal. 



Figure 5-37 Start position for MCP extension. 


Movable Arm. Parallel to the longitudinal axis of the 
proximal phalanx. 

End Position. The finger is moved in a posterior direction 
to the limit of MCP joint extension (45°) (Fig. 5-38). The 
IP joints are allowed to flex so that extension at the MCP 
joint is not restricted due to tension of the long finger 
flexor tendons. 

Alternate Goniometer Placement. The index and fifth MCP 
joints may be measured on the latéral aspect of the MCP 
joint (Fig. 5-39). 



Figure 5-38 End position: MCP extension. 



Figure 5-39 Alternate goniometer placement for MCP extension. 
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Finger MCP 
Abduction-Adduction 

AROM Assessment 

MCP Abduction 

To gain a composite measure of finger spread and thumb 
web stretch, finger abduction and thumb extension can 
be measured in centimeters. A sheet of paper is placed 
under the patient's hand. The therapist stabilizes the 
wrist and metacarpals. The patient spreads ail fingers and 
thumb and the therapist traces the contour of the hand 
(Fig. 5-40). The patient's hand is removed, and a linear 
measure of the distances between the midpoint of the tip 
of each finger and the index finger and thumb is recorded 
in centimeters (Fig. 5-41). Note: The ROM at the IP, MCP, 
and CM joints of the thumb influence the measurement 
of thumb extension ROM using this method. 


PROM Assessment 


<é> 

Forms 
5-7,5-8 


MCP Abduction 

Start Position. The patient is sitting. The forearm is 
resting on a table, the wrist is in neutral position, 
and the fingers are in the anatomical position (Fig. 


5-42). 


Stabilization. The therapist stabilizes the metacarpal. 

Therapist’s Distal Hand Placement. The therapist grasps 
the sides of the proximal phalanx. 

End Position. The therapist moves the proximal phalanx 
to the limit of motion to assess MCP joint abduction (Fig. 
5-43). 

End Feel. MCP joint abduction—firm. 



Figure 5-40 Alternate measurement: hand placement for MCP 
abduction and thumb extension. 


Figure 5-41 Ruler measurement: finger MCP abduction and 
thumb extension. 




Figure 5-42 Start position: MCP joint abduction (index finger). 


Figure 5-43 Firm end feel at the limit of MCP abduction (index 
finger). 
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Figure 5-44 Start position: MCP abduction and adduction. 

Figure 5-45 Goniometer alignaient for MCP joint abduction/ 
adduction, shown with the ring finger in abduction. 



Figure 5-46 End position: MCP abduction of the fourth finger. 


Joint Glides. MCP joint abduction — the concave base of the 
proximal phalanx moves on the fixed convex head of the 
corresponding metacarpal in the same direction of move- 
ment as the shaft of the proximal phalanx. MCP joint 
adduction —the concave base of the proximal phalanx 
moves on the fixed convex head of the corresponding 
metacarpal in the same direction of movement as the 
shaft of the proximal phalanx. 

Measurement: Universal Goniometer 

Start Position. The patient is sitting. The elbow is flexed 
to 90°, the forearm is pronated and resting on a table, the 
wrist is in neutral position, and the fingers are in the 
anatomical position (Fig. 5-44). 

Stabilization. The therapist stabilizes the metacarpal 
bones. 



Goniometer Axis. The axis is placed on the posterior sur¬ 
face of the MCP joint being measured (Fig. 5-45). 

Stationary Arm. Parallel to the longitudinal axis of the 
shaft of the metacarpal. 

Movable Arm. Parallel to the longitudinal axis of the 
proximal phalanx. 

End Position. The finger is moved away from the midline 
of the hand to the limit of motion in abduction (Figs. 
5-45 and 5-46). The finger is moved toward the midline 
of the hand to the limit of motion in adduction (Fig. 
5-47). The remaining fingers are moved to allow full 
adduction. 


Figure 5-47 End position: MCP adduction of the index finger. 
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Finger IP Flexion-Extension 


PROM Assessment 



Forms 
5-9,5-10 


Start Position. The patient is sitting. The forearm is 
resting on a table, the wrist is in neutral position, 
and the fingers are relaxed. 


Stabilization. The therapist stabilizes the proximal pha- 
lanx for assessment of the proximal interphalangeal (PIP) 
joint and the middle phalanx for the distal interphalan¬ 
geal (DIP) joint. 


Therapist’s Distal Hand Placement. The therapist grasps 
the middle phalanx to assess the PIP joint and the distal 
phalanx to assess the DIP joint. 



Figure 5-48 Firm end feel at limit of DIP joint flexion. 


End Positions. The therapist moves the middle or distal pha¬ 
lanx in an anterior direction to the limit of motion to assess 
PIP (not shown) or DIP joint flexion (Fig. 5-48), respectively. 
The therapist moves the middle or distal phalanx in a pos- 
terior direction to the limit of motion for PIP joint (not 
shown) or DIP joint extension (Fig. 5-49), respectively. 

End Feels. PIP joint flexion —hard/soft/firm; DIP joint 
flexion —firm; PIP joint extension —firm; DIP joint exten¬ 
sion —firm. 

Joint Glides. IP joint flexion —the concave base of the distal 
phalanx glides in an anterior direction on the fixed con- 
vex head of the adjacent proximal phalanx. IP joint 
extension —the concave base of the distal phalanx glides 
in a posterior direction on the fixed convex head of the 
adjacent proximal phalanx. 



Figure 5-49 Firm end feel at limit of DIP joint extension. 
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Figure 5-50 Start position: PIP joint flexion. 



Figure 5-51 End position: PIP joint flexion. 


Measurement: Universal Goniometer 

Start Position. The patient is sitting. The forearm is resting 
on a table in either midposition or pronation. The wrist 
and fingers are in the anatomical position (0° extension 
at the MCP and IP joints) (Fig. 5-50). 

Stabilization. The therapist stabilizes the proximal pha- 
lanx for measurement of the PIP joint and the middle 
phalanx for the DIP joint. 

Goniometer Axis. To measure IP joint flexion, use a goni¬ 
ometer with at least one short arm and place the axis over 
the posterior surface of the PIP (Figs. 5-50 and 5-51) or 
DIP joint being measured. To measure IP joint extension, 
the axis is placed over the anterior surface of the PIP or 
DIP joint being measured. 

Kato and colleagues 15 studied the accuracy of gonio- 
metric measurements for PIP joint flexion ROM in cadaver 
hands using 3 types of goniometer. The researchers 
recommend use of goniometers with short arms when 
measuring the ROM with the goniometer placed over the 
dorsal aspect of the PIP joint. 

Stationary Arm. PIP joint: parallel to the longitudinal axis 
of the proximal phalanx. DIP joint: parallel to the longi¬ 
tudinal axis of the middle phalanx. 

Movable Arm. PIP joint: parallel to the longitudinal axis of 
the middle phalanx. DIP joint: parallel to the longitudi¬ 
nal axis of the distal phalanx. 

End Positions. The PIP joint (Figs. 5-51 and 5-52) or DIP 
joint (not shown) is flexed to the limit of PIP or DIP joint 
flexion (100° or 90°, respectively). The PIP joint (Fig. 
5-53) or DIP joint (not shown) is extended to the limit of 
PIP or DIP joint extension (0°). 



Figure 5-52 Goniometer alignment over posterior surface of PIP 
joint to assess flexion. 



Figure 5-53 End position: PIP joint extension. 
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Finger MCP and IP Flexion 

When evaluating impairment of hand function, a linear 
measurement of finger flexion should be used in conjunc- 
tion with goniometry. This measure is particularly rele¬ 
vant in evaluating the extent of impairment 16 associated 
with grasp. The patient is sitting. The elbow is flexed and 
the forearm is resting on a table in supination. Two mea¬ 
surement s are taken. 

1. The patient flexes the IP joints while maintaining 0° of 
extension at the MCP joints (Fig. 5-54). A ruler mea- 



Figure 5-54 Decreased finger IP flexion. 


sûrement is taken from the pulp or tip of the middle 
finger to the distal palmar crease. 

2. The patient flexes the MCP and IP joints (Fig. 5-55), 
and a ruler measurement is taken from the pulp of the 
finger to the proximal palmar crease. 

Note: Long fingernails limit the flexion ROM at the 
finger joints (MCP joint flexion being the most affected) 
when the fingernails contact the palm. 17 



Figure 5-55 Decreased finger MCP and IP flexion. 
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Thumb CM Flexion-Extension 

PROM Assessment 


CM joint flexion (Fig. 5-58). The therapist moves the first 
metacarpal in a radial direction to the limit of motion for 
thumb CM joint extension (Fig. 5-59). 


Start Position. The patient is sitting. The elbow is 
flexed with the forearm in midposition and resting 
Forms on a table. The wrist is in neutral position, the 
5 - 11 , 5-12 fingers are relaxed, and the thumb is in the ana- 
tomical position. 


Stabilization. The therapist stabilizes the trapezium, wrist, 
and forearm (see Fig. 5-56). 


Therapist’s Distal Hand Placement. The therapist grasps 
the first metacarpal (Fig. 5-57). 


End Positions. The therapist moves the first metacarpal in 
an ulnar direction to the limit of motion to assess thumb 


End Feels. Thumb CM joint flexion — soft/firm; thumb CM 
joint extension —firm. 

Joint Glides 13 . Thumb CM joint flexion — the concave sur¬ 
face of the base of the first metacarpal glides in a médial 
direction (i.e., in the same direction to the movement of 
the shaft of the first metacarpal) on the convex surface of 
the trapezium. Thumb CM joint extension —the concave 
surface of the base of the first metacarpal glides in a lat¬ 
éral direction (i.e., in the same direction to the move¬ 
ment of the shaft of the first metacarpal) on the convex 
surface of the trapezium. 



Figure 5-56 Start position: thumb CM flexion and extension. The 
therapist stabilizes the trapezium between the left thumb and 
index finger. 


Figure 5-57 Therapist’s distal hand grasps the first metacarpal. 



Figure 5-58 Soft or firm end feel at the limit of thumb CM flexion. 



Figure 5-59 Firm end feel at the limit of thumb CM extension. 
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Figure 5-60 Start position: thumb CM flexion and extension. 



Figure 5-61 Goniometer alignment thumb CM joint flexion and 
extension. 


Measurement: Universal Goniometer 

Start Position. The patient is sitting. The elbow is flexed 
with the forearm in midposition and resting on a table. 
The wrist is in slight ulnar déviation, the fingers assume 
the anatomical position, and the thumb maintains con¬ 
tact with the metacarpal and proximal phalanx of the 
index finger (Fig. 5-60). 

Stabilization. The therapist stabilizes the trapezium, wrist, 
and forearm. 

Goniometer Axis. The axis is placed over the CM joint 
(Fig. 5-61). 

Stationary Arm. Parallel to the longitudinal axis of the 
radius. 

Movable Arm. Parallel to the longitudinal axis of the 
thumb metacarpal. Note: Although the goniometer arms 
are not aligned at 0° in this start position, this position is 
recorded as the 0° start position. The number of degrees 
the metacarpal is moved away from this 0° start position 
is recorded as the ROM for the movement. For example, 
if the goniometer read 30° at the start position for CM 
joint flexion/extension (see Fig. 5-60) and 15° at the end 
position for CM joint flexion (see Fig. 5-62), the CM joint 
flexion ROM would be 15°. 

End Positions. Flexion (Fig. 5-62): the thumb is flexed 
across the palm to the limit of thumb CM joint flexion 
(15°). Extension (Fig. 5-63): the thumb is extended away 
from the palm to the limit of thumb CM joint extension 
(20°). 



Figure 5-62 End position: thumb CM flexion. 



Figure 5-63 End position: thumb CM extension. 
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Thumb MCP and IP 
Flexion-Extension 

PROM Assessment 

Start Position. The patient is sitting. The elbow is 
flexed and the forearm is resting on a table in mid- 
Forms position. The wrist is in the neutral position and 
5-13-5-16 the fingers are relaxed. The MCP and IP joints of 
the thumb are in extension (0°). 

Stabilization. First MCP joint: the therapist stabilizes the 
first metacarpal. IP joint: the therapist stabilizes the 
proximal phalanx. 

Therapist’s Distal Hand Placement. First MCP joint: the 
therapist grasps the proximal phalanx. IP joint: the thera¬ 
pist grasps the distal phalanx. 

End Positions. The therapist moves the proximal phalanx 
across the palm to the limit of motion to assess thumb 



Figure 5-64 Hard or firm end feel at the limit of thumb MCP 
flexion. 



Figure 5-66 Hard or firm end feel at the limit of thumb IP flexion. 


MCP flexion (Fig. 5-64), and to the limit of motion in a 
radial direction for thumb MCP extension (Fig. 5-65). The 
therapist moves the distal phalanx in an anterior (Fig. 
5-66) or a posterior (Fig. 5-67) direction to the limit of 
motion for thumb IP flexion or extension, respectively. 

End Feels. Thumb MCP flexion —hard/firm; thumb IP 
flexion —hard/firm; thumb MCP and IP extension —firm. 

Joint Glides. Thumb MCP flexion — the concave base of the 
proximal phalanx moves in an anterior direction on the 
fixed convex head of the first metacarpal. Thumb IP joint 
flexion —the concave base of the distal phalanx glides in 
an anterior direction on the fixed convex head of the 
proximal phalanx. Thumb MCP extension —the concave 
base of the proximal phalanx moves in a posterior direc¬ 
tion on the fixed convex head of the first metacarpal. 
Thumb IP joint extension —the concave base of the distal 
phalanx glides in a posterior direction on the fixed con¬ 
vex head of the proximal phalanx. 



Figure 5-65 Firm end feel at the limit of thumb MCP extension. 



Figure 5-67 Firm end feel at the limit of thumb IP extension. 
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Measurement: Universal Goniometer 

Start Position. The patient is sitting. The elbow is flexed 
and the forearm is resting on a table in midposition. The 
wrist and fingers are in the anatomical position. The MCP 
and IP joints are in extension (0°). 

Stabilization. MCP joint: the therapist stabilizes the first 
metacarpal. IP joint: the therapist stabilizes the proximal 
phalanx. 

Goniometer Axis. The axis is placed over the posterior or 
latéral aspect of the MCP joint (Fig. 5-68) or IP joint (Fig. 
5-69) of the thumb. 

Stationary Arm. MCP joint: parallel to the longitudinal 
axis of the shaft of the thumb metacarpal. IP joint: paral¬ 
lel to the longitudinal axis of the proximal phalanx. 



Figure 5-68 Start position: thumb MCP flexion. 


Movable Arm. MCP joint: parallel to the longitudinal axis 
of the proximal phalanx. IP joint: parallel to the longitu¬ 
dinal axis of the distal phalanx. 

End Positions. The MCP joint is flexed so that the thumb 
moves across the palm to the limit of thumb MCP joint 
flexion (50°) (Fig. 5-70). The IP joint is flexed to the limit 
of thumb IP joint flexion (80°) (Fig. 5-71). The goniome¬ 
ter is positioned on the latéral or anterior surface of the 
thumb to assess MCP and IP joint extension. The MCP 
joint is extended to the limit of thumb MCP joint exten¬ 
sion (0°). 

Hyperextension. Hyperextension of the IP joint of the 
thumb occurs beyond 0° of extension. The thumb IP 
joint can actively be hyperextended to 10° and passively 
to 30 o1 (Fig. 5-67). 



Figure 5-69 Start position: thumb IP flexion. 



Figure 5-70 End position: thumb MCP flexion. 


Figure 5-71 End position: thumb IP flexion. 
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Thumb CM Abduction 

PROM Assessment 

Start Position. The patient is sitting. The forearm is 
V: 7 in midposition resting on a table, the wrist is in 
Form neutral position, and the fingers and thumb are 
5-17 relaxed (Fig. 5-72). 

Stabilization. The therapist stabilizes the second metacarpal. 

Therapist’s Distal Hand Placement. The therapist grasps 
the first metacarpal. 

End Position. The therapist moves the first metacarpal 
away from the second metacarpal in an anterior direction 
perpendicular to the plane of the palm to the limit of 
motion to assess CM joint abduction (Fig. 5-73). 


End Feel. CM joint abduction—firm. 

Joint Glide 13 . CM joint abduction — the convex surface of the 
base of the first metacarpal glides in a posterior direction 
(i.e., in the opposite direction as the shaft of the first meta¬ 
carpal) on the fixed concave surface of the trapezium. 

Measurement: Universal Goniometer 

Start Position. The patient is sitting. The elbow is flexed 
and the forearm is resting on a table in midposition. The 
wrist and fingers are in the anatomical position. The 
thumb maintains contact with the metacarpal and proxi¬ 
mal phalanx of the index finger (Fig. 5-74). 

Stabilization. The therapist stabilizes the second metacarpal. 




Figure 5-72 Start position: thumb abduction. 


Figure 5-73 Firm end feel at the limit of thumb CM joint 
abduction. 



Figure 5-74 Start position: thumb abduction. 
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Goniometer Axis. The axis is placed at the junction of the 
bases of the first and second metacarpals (Fig. 5-75). 

Stationary Arm. Parallel to the longitudinal axis of the 
second metacarpal. 

Movable Arm. Parallel to the longitudinal axis of the first 
metacarpal. In the start position described, the goniom¬ 
eter will indicate 15°-20°. This is recorded as 0°. 14 For 
example, if the goniometer read 15° at the start position 
for CM joint abduction (see Fig. 5-74) and 60° at the end 
position for CM joint abduction (Fig. 5-76), the first CM 
joint abduction ROM would be 45°. 

End Position. The thumb is abducted to the limit of thumb 
CM joint abduction (70°) so that the thumb column moves 
in the plane perpendicular to the palm (see Fig. 5-76). 

Measurement: Ruler 

As an alternate measurement to goniometry, thumb 
abduction may be measured by using a ruler or tape mea- 


sure. With the thumb in the abducted position, a ruler 
measurement is taken from the latéral aspect of the mid- 
point of the MCP joint of the index finger to the posterior 
aspect of the midpoint of the MCP joint of the thumb 
(Fig. 5-77). 

Measurement: Caliper 

As an alternate, more reliable measurement method to 
conventional goniometry, thumb abduction is assessed 
using calipers to measure the intermetacarpal distance 
(IMD method). 18 With the thumb in the abducted posi¬ 
tion, a caliper measurement (Fig. 5-78) is taken with the 
caliper points positioned on the mid-dorsal points marked 
on the heads of the first and second metacarpals and is 
recorded in millimeters. However, unlike angular measure- 
ments, the IMD method is affected by changes in hand 
size that may not permit results to be comparable either 
between patients or in children when hand size changes. 18 



Figure 5-77 Ruler measurement: thumb abduction. 


Figure 5-78 Caliper measurement: thumb abduction. 
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Figure 5-79 Full opposition ROM. 


Thumb Opposition 

Measurement: Ruler 

• On completion of full range of opposition between 
the thumb and fifth finger (Fig. 5-79), it is normally 
Form possible to place the pads of the thumb and fifth 
5-18 finger in the same plane. 19 An évaluation of a déficit 
in opposition (Fig. 5-80) can be obtained by taking a lin- 
ear measurement between the center of the tip of the 
thumb pad and the center of the tip of the fifth finger 
pad. 



Figure 5-80 Opposition déficit. 
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Muscle Length Assessment 

AND MEASUREMENT 



Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


Flexor Digitorum Superficialis, 
Flexor Digitorum Profundus, 
Flexor Digiti Minimi, and 
Palmaris Longus 


$ 

Form 

5-19 


Start Position. The patient is in supine or sitting 
with the elbow in extension, the forearm supi- 
nated, wrist in neutral position, and the fingers 
extended (Fig. 5-81). 



Figure 5-81 Start position: length of flexor digitorum superficialis, 
flexor digitorum profundus, and flexor digiti minimi. 


Origin 2 

Insertion 2 

Flexor Digitorum Superficialis 

a. Humeroulnar head: 
common flexor origin 
on the médial 
épicondyle of the 
humérus, the anterior 
band of the ulnar 
collateral ligament, and 
the médial aspect to 
the coronoid process. 

b. Radial head: anterior 
border of the radius 
from the radial 
tuberosity to the 
insertion of pronator 
teres. 

Anterior surface of the 
middle phalanges of the 
index, middle, ring, and 
little fingers. 

Flexor Digitorum Profundus 

Upper three fourths of the 
anterior and médial 
aspects of the ulna; 
médial aspect of the 
coronoid process; by an 
aponeurosis on the upper 
three fourths of the 
posterior border of the 
ulna; anterior surface of 
the médial half of the 
interosseous membrane. 

Palmar aspect of the 
bases of the distal 
phalanges of the index, 
middle, ring, and little 
fingers. 

Flexor Digiti Minimi 

Hook of hamate; flexor 
retinaculum. 

Ulnar aspect of the base 
of the proximal phalanx 
of the little finger. 

Palmaris Longus (vestigial) 

Common flexor origin on 
the médial épicondyle of 
the humérus. 

Palmar aspect of the 
flexor retinaculum; the 
palmar aponeurosis. 
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Stabilization. The therapist manually stabilizes the 
humérus. The radius and ulna are stabilized against the 
therapist's thigh. 

End Position. The therapist maintains the fingers in 
extension and extends the wrist to the limit of motion so 
that the long finger flexors are put on full stretch (Figs. 
5-82 and 5-83). 


Assessment and Measurement. If the finger flexors are 
shortened, wrist extension ROM will be restricted propor- 
tional to the decrease in muscle length. The therapist 
either observes the available PROM or uses a goniometer 
(Fig. 5-84) to measure and record the available wrist 
extension PROM. A second therapist may be required to 
measure the ROM using a goniometer. 

End Feel. Finger flexors on stretch—firm. 



Figure 5-82 Flexor digitorum superficialis, flexor digitorum 
profundus, and flexor digiti minimi on stretch. 



Figure 5-83 Flexor digitorum superficialis, flexor digitorum 
profundus, and flexor digiti minimi on stretch. 



Figure 5-84 Goniometer measurement: length of long finger 
flexors. 
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Extensor Digitorum 
Communis, Extensor 
Indicis Proprius, and 
Extensor Digiti Minimi 


$ 

Form 

5-20 


Start Position. The patient is in supine or sitting. 
The elbow is extended, the forearm is pronated, the 
wrist is in the neutral position, and the fingers are 
flexed (Fig. 5-85). 


Stabilization. The therapist stabilizes the radius and ulna. 


End Position. The therapist flexes the wrist to the limit of 
motion so that the long finger extensors are fully 
stretched (Figs. 5-86 and 5-87). 



Figure 5-85 Start position: length of extensor digitorum 
communis, extensor indicis proprius, and extensor digiti minimi. 


Origin 2 

Insertion 2 

Extensor Digitorum Communis 

Common extensor origin 
on the latéral épicondyle 
of the humérus. 

Posterior surfaces of the 
bases of the distal and 
middle phalanges of the 
index, middle, ring, and 
little fingers. 

Extensor Indicis Proprius 

Posterior surface of the 
ulna distal to the origin of 
extensor pollicis longus; 
posterior aspect of the 
interosseous membrane. 

Ulnar side of the 
extensor digitorum 
tendon to the index 
finger at the level of the 
second metacarpal 
head. 

Extensor Digiti Minimi 

Common extensor origin 
on the latéral épicondyle 
of the humérus. 

Dorsal digital expansion 
of the fifth digit. 



Figure 5-86 Extensor digitorum communis, extensor indicis 
proprius, and extensor digiti minimi on stretch. 



Figure 5-87 Long finger extensors on stretch. 
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Assessment and Measurement. If the finger extensors are 
shortened, wrist flexion PROM will be restricted propor- 
tional to the degree of muscle shortening. The therapist 
either observes the available PROM or uses a goniometer 
(Fig. 5-88) to measure and record the available wrist flex¬ 
ion PROM. 

End Feel. Long finger extensors on stretch—firm. 


Figure 5-88 Goniometer measurement: length of long finger 
extensors. 
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Figure 5-89 Start position: length of lumbricales. 


Figure 5-90 Lumbricales on stretch. 


Lumbricales 

a Start Position. The patient is in sitting or supine 
with the elbow flexed, forearm in midposition or 
Form supination, and the wrist in extension. The IP 
5-21 joints of the fingers are flexed (Fig. 5-89). 

Stabilization. The therapist stabilizes the metacarpals. 

End Position. The therapist simultaneously applies over- 
pressure to flex the IP joints and extends the MCP joints 
of the fingers to the limit of motion so that lumbricales 
are put on full stretch (Figs. 5-90 and 5-91). The lumbri¬ 
cales may be stretched as a group or individually. 

Assessment and Measurement. If the lumbricales are 
shortened, MCP joint extension ROM will be restricted 
proportional to the degree of muscle shortness. The 
therapist either observes the available PROM or uses a 
goniometer (Fig. 5-92) to measure and record the avail¬ 
able MCP joint extension PROM. 

End Feel. Lumbricales on stretch—firm. 



Figure 5-91 Wrist extension, MCP joint extension, and IP joint 
flexion to place lumbricales on stretch. 


Origin 2 

Insertion 2 

Lumbricales 

Tendons of flexor digitorum 
profundus: 

a. First and second lumbricales: 
radial sides and palmar 
surfaces of the tendons of the 
index and middle fingers. 

Radial aspect of 
the dorsal digital 
expansion of the 
corresponding 
index, middle, 
ring, and little 
fingers. 

b. Third: adjacent sides of the 
tendons of the middle and 
ring fingers. 


c. Fourth: adjacent sides of the 
tendons of the ring and little 
fingers. 




Figure 5-92 Goniometer measurement: length of lumbricales. 
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Muscle Strength 
Assessment 
(Tables 5-4 and 5-5) 


TABLE 5-4 Muscle Actions, Attachments, and Nerve Supply: 
The Wrist and Fingers 20 


Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

Nerve 

Nerve 

Root 

Flexor carpi 
radialis 

Wrist flexion 

Wrist radial 
déviation 

Common flexor origin on the 
médial épicondyle of the 
humérus 

Palmar surface of the base 
of the second metacarpal 
and a slip to the base of 
the third metacarpal 

Médian 

C67 

Palmaris 

longus 

Anchors palmar 
skin and 
fascia 

Wrist flexion 

Common flexor origin on the 
médial épicondyle of the 
humérus 

Distal palmar aspect of the 
flexor retinaculum; the 
palmar aponeurosis; skin 
and fascia of distal palm 
and webs of fingers 

Médian 

C78 

Flexor carpi 
ulnaris 

Wrist flexion 

Wrist ulnar 
déviation 

a. Humerai head: common 
flexor origin on the médial 
épicondyle of the humérus 

b. Ulnar head: médial margin of 
the olecranon process and 
by an aponeurosis on the 
upper two thirds of the 
posterior border of the ulna 

Pisiform bone; sends slips 
to the hook of the hamate 
(pisohamate ligament), 
base of the fifth 
metacarpal 
(pisometacarpal 
ligament), and flexor 
retinaculum 

Ulnar 

C78T1 

Extensor carpi 
radialis 
longus 

Wrist extension 
Wrist radial 
déviation 

Lower one third of the latéral 
supracondylar ridge of the 
humérus; common extensor 
origin on the latéral 
épicondyle of the humérus 

Dorsal surface of the base 
of the second metacarpal 
bone 

Radial 

C67 

Extensor carpi 
radialis 
brevis 

Wrist extension 
Wrist radial 
déviation 

Common extensor origin on the 
latéral épicondyle of the 
humérus; radial collateral 
ligament of the elbow joint 

Dorsal surface of the base 
of the third metacarpal 
bone 

Posterior 

interosseous 

(radial) 

C78 

Extensor carpi 
ulnaris 

Wrist extension 
Wrist ulnar 
déviation 

Common extensor origin on the 
latéral épicondyle of the 
humérus; aponeurosis on the 
posterior border of the ulna 

Tubercle on the ulnar 
aspect of the base of the 
fifth metacarpal bone 

Posterior 

interosseous 

C78 

Flexor 

digitorum 

superficialis 

Finger PIP 
flexion 

a. Humeroulnar head: common 
flexor origin on the médial 
épicondyle of the humérus, 
the anterior band of the ulnar 
collateral ligament, and the 
médial aspect of the 
coronoid process 

b. Radial head: anterior border 
of the radius from the radial 
tuberosity to the insertion of 
pronator teres 

Anterior surface of the 
middle phalanges of the 
index, middle, ring and 
little fingers 

Médian 

C8T1 


(continuée!) 
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TABLE 5-4 

Continuée! 






Primary 



Peripheral 

Nerve 

Muscle 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Nerve 

Root 

Flexor 

digitorum 

profundus 

Finger DIP 
flexion 

Upper three fourths of the 
anterior and médial aspects 
of the ulna; médial aspect of 
the coronoid process; by an 
aponeurosis on the upper 
three fourths of the posterior 
border of the ulna; anterior 
surface of the médial half of 
the interosseous membrane 

Palmar aspect of the bases 
of the distal phalanges of 
the index, middle, ring, 
and little fingers 

a. Latéral 
portion of 
muscle— 
anterior 
interosseus 
branch of 
médian 

b. Médial 
portion of 
muscle— 
ulnar 

C8T1 

Extensor 

digitorum 

communis 

Finger MCP 
extension 

Common extensor origin on the 
latéral épicondyle of the 
humérus 

Dorsal surfaces of the 
bases of the distal and 
middle phalanges of the 
index, middle, ring, and 
little fingers 

Posterior 

interosseous 

C78 

Extensor 

indicis 

proprius 

Index finger 

MCP 

extension 

Posterior surface of the ulna 
distal to the origin of extensor 
pollicis longus; posterior 
aspect of the interosseous 
membrane 

Ulnar side of the extensor 
digitorum tendon to the 
index finger at the level of 
the second metacarpal 
head 

Posterior 

interosseous 

C78 

Extensor digiti 
minimi 

Fifth finger MCP 
extension 

Common extensor origin on the 
latéral épicondyle of the 
humérus 

Dorsal digital expansion of 
the fifth digit 

Posterior 

interosseous 

C78 

Interosseous 
a. Dorsal 

Finger MCP 
abduction 

a. First: adjacent sides of the 
first and second metacarpal 
bones 

b. Second: adjacent sides of 
the second and third 
metacarpal bones 

c. Third: adjacent sides of the 
third and fourth metacarpal 
bones 

d. Fourth: adjacent sides of the 
fourth and fifth metacarpal 
bones 

Ail insert into the dorsal 
digital expansions of 
either the index, middle, 
or ring fingers 

a. First: radial aspect of the 
base of the proximal 
phalanx of the index 
finger 

b. Second and third: radial 
and ulnar aspects 
respectively, of the base 
of the proximal phalanx 
of the middle finger 

c. Fourth: ulnar aspect of 
the base of the proximal 
phalanx of the ring finger 

Ulnar 

C8T1 

b. Palmar 

Finger MCP 
adduction 

a. First: ulnar side of the base 
of the first metacarpal bone 

b. Second: ulnar side of the 
palmar aspect of the second 
metacarpal bone 

c. Third: radial side of the 
palmar aspect of the fourth 
metacarpal bone 

d. Fourth: radial side of the 
palmar aspect of the fifth 
metacarpal bone 

Ail insert into the dorsal 
digital expansions of 
either the thumb, index, 
ring, or little fingers 

The first also inserts into the 
sesamoid bone on the 
ulnar side of the base of 
the proximal phalanx of the 
thumb and into the phalanx 
The fourth also inserts into 
the radial side of the base 
of the proximal phalanx 
of the little finger 

Ulnar 

C8T1 


(continuée!) 
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TABLE 5-4 

Continued 





Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

Nerve 

Nerve 

Root 

Lumbricales 

Finger MCP 
flexion and IP 
extension 

Tendons of flexor digitorum 
profundus: 

a. First and second 
lumbricales: radial sides and 
palmar surfaces of the 
tendons of the index and 
middle fingers 

b. Third: adjacent sides of the 
tendons of the middle and 
ring fingers 

c. Fourth: adjacent sides of the 
tendons of the ring and little 
fingers 

Radial aspect of the dorsal 
digital expansion of the 
corresponding index, 
middle, ring, and little 
fingers 

a. Médial two 
lumbri¬ 
cales—ulnar 

b. Latéral two 
lumbri¬ 
cales— 
médian 

C8T1 

C8T1 

Abductor 
digiti minimi 

Little finger 

MCP 

abduction 

Pisiform bone; pisohamate 
ligament; tendon of flexor 
carpi ulnaris 

Ulnar aspect of the base of 
the proximal phalanx of 
the little finger; dorsal 
digital expansion of the 
little finger 

Ulnar 

C8T1 

Opponens 
digiti minimi 

Little finger 
opposition 
(flexion, and 
internai 
rotation of the 
5th 

metacarpal 

bone) 

Hook of hamate; flexor 
retinaculum 

Ulnar and adjacent palmar 
surface of the fifth 
metacarpal bone 

Ulnar 

C8T1 

Flexor digiti 
minimi 

Little finger 

MCP flexion 

Hook of hamate; flexor 
retinaculum 

Ulnar aspect of the base of 
the proximal phalanx of 
the little finger 

Ulnar 

C8T1 
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TABLE 5-5 Muscle Actions, Attachments, and Nerve Supply: the Thumb 20 


Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

Nerve 

Nerve 

Root 

Flexor 

pollicis 

longus 

Thumb IP joint 
flexion 

Anterior surface of the radius between 
the bicipital tuberosity and the 
pronator quadratus; anterior surface 
of the latéral half of the interosseous 
membrane; latéral aspect of the 
coronoid process and the médial 
épicondyle of the humérus 

Palmar aspect of the 
base of the distal 
phalanx of the 
thumb 

Anterior 
interosseous 
branch of 
médian 

C78 

Flexor 

pollicis 

brevis 

Thumb MCP 
joint flexion 

1. Superficial head: flexor retinaculum 
and the tubercle of the trapezium 
bone 

2. Deep head: capitate and trapezoid 
bones and the palmar ligaments of 
the distal row of carpal bones 

The radial side of the 
base of the proximal 
phalanx of the 
thumb 

1. Superficial 
head — 
médian 

2. Deep 
head — 
ulnar 

C8T1 

Extensor 

pollicis 

longus 

Thumb IP joint 
extension 

Middle third of the postérolatéral 
aspect of the ulna; posterior surface 
of the interosseous membrane 

Dorsal aspect of the 
base of the distal 
phalanx of the 
thumb 

Posterior 

interosseous 

C78 

Extensor 

pollicis 

brevis 

Thumb MCP 
joint extension 

Posterior aspect of the radius below 
the abductor pollicis longus; 
posterior surface of the interosseous 
membrane 

Dorsal aspect of the 
base of the proximal 
phalanx of the 
thumb 

Posterior 

interosseous 

C78 

Abductor 

pollicis 

longus 

Thumb radial 
abduction 

Posterior aspect of the shaft of the 
ulna distal to the insertion of 
anconeus; posterior aspect of the 
shaft of the radius distal to the 
insertion of supinator; posterior 
aspect of the interosseous 
membrane 

Radial aspect of the 
base of the first 
metacarpal bone; 
the trapezium bone 

Posterior 

interosseous 

C78 

Abductor 

pollicis 

brevis 

Thumb palmar 
abduction 

Flexor retinaculum; tubercles of the 
scaphoid and trapezium bones; 
tendon of abductor pollicis longus 

Radial aspect of the 
base of the proximal 
phalanx of the 
thumb; dorsal digital 
expansion of the 
thumb 

Médian 

C8T1 

Adductor 

pollicis 

Thumb 

adduction 

1. Oblique head: capitate bone and 
the palmar surfaces of the bases of 
the second and third metacarpal 
bones 

2. Transverse head: distal two thirds of 
the palmar surface of the shaft of 
the third metacarpal bone 

Ulnar aspect of the 
base of the proximal 
phalanx of the 
thumb; dorsal digital 
expansion of the 
thumb 

Ulnar 

C8T1 

Opponens 

pollicis 

Thumb 
opposition 
(abduction, 
flexion, and 
internai 
rotation of the 
first 

metacarpal 

bone) 

Flexor retinaculum; tubercle of the 
trapezium bone 

Latéral surface and 
latéral aspect of the 
palmar surface of 
the first metacarpal 
bone 

Médian 

C8T1 
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Figure 5-93 Start position: flexor carpi radialis. 


Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 




Figure 5-94 Screen position: flexor carpi radialis. 



Figure 5-95 Résistance: flexor carpi radialis. 



Wrist Flexion and 
Radial Déviation 

Against Gravity: Flexor 
Carpi Radialis 

Accessory muscles: flexor carpi ulnaris and pal- 
maris longus. 

Form 

5-22 Start Position. The patient is sitting or supine. If sit- 
ting, the forearm is supinated and supported on a 
table. The wrist is extended and in ulnar déviation and 
the fingers and thumb are relaxed (Fig. 5-93). 

Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 

Movement. The patient flexes and radially deviates the 
wrist (Fig. 5-94). The patient should be instructed to keep 
the fingers and thumb relaxed. 

Palpation. Antérolatéral aspect of the wrist in line with 
the second web space, on the radial side of palmaris 
longus. 

Substitute Movement. The patient may flex the wrist with 
palmaris longus and flexor carpi ulnaris. Using flexor 
carpi ulnaris alone, the patient will flex with ulnar dévia¬ 
tion. If the patient flexes the fingers, the flexor digitorum 
superficialis and profundus may substitute for the wrist 
flexors when movement is initiated. 21 

Résistance Location. Applied distal to the wrist over the 
thenar eminence or the latéral aspect of the palm (Figs. 
5-95 and 5-96). 

Résistance Direction. Wrist extension and ulnar dévia¬ 
tion. 



Figure 5-96 Flexor carpi radialis. 
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Gravity Eliminated: 

Flexor Carpi Radialis 

Start Position. The patient is sitting or supine. The fore- 
arm is in slight pronation and supported on a table or 
powder board. The wrist is extended and in ulnar dévia¬ 
tion and the fingers and thumb are relaxed (Fig. 5-97). 

Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 


End Position. The patient flexes and radially deviates the 
wrist through full ROM (Fig. 5-98). 

Substitute Movement. Flexor carpi ulnaris, palmaris lon- 
gus, and flexor digitorum superficialis and profundus. As 
the patient flexes the wrist from the anatomical position, 
forearm pronation and thumb abduction through the 
action of abductor pollicis longus may be attempted. 



Figure 5-97 Start position: flexor carpi radialis. Figure 5-98 End position: flexor carpi radialis. 
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Wrist Flexion and 
Ulnar Déviation 

Against Gravity: Flexor Carpi Ulnaris 

• Accessory muscles: flexor carpi radialis and pal- 
maris longus. 

Form 

5-23 Start Position. The patient is sitting or supine. If sit- 
ting, the forearm is supinated and supported on a 
table. The wrist is extended and in radial déviation, and 
the fingers and thumb are relaxed (Fig. 5-99). 

Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 


Palpation. Anteromedial aspect of the wrist proximal to 
the pisiform bone. 

Substitute Movement. Flexor carpi radialis, palmaris lon¬ 
gus, and flexor digitorum superficialis and profundus. 
Using flexor carpi radialis alone, the patient will flex with 
radial déviation. 

Résistance Location. Applied over the hypothenar emi- 
nence (Figs. 5-101 and 5-102). 

Résistance Direction. Wrist extension and radial dévia¬ 
tion. 


Movement. The patient flexes and ulnarly deviates the 
wrist through full ROM (Fig. 5-100). 




Figure 5-99 Start position: flexor carpi ulnaris. 


Figure 5-100 Screen position: flexor carpi ulnaris. 



Figure 5-101 Résistance: flexor carpi ulnaris. 



























CHAPTER 5 Wrist and Hand 


223 



Figure 5-103 Start position: flexor carpi ulnaris. 


Gravity Eliminated: 

Flexor Carpi Ulnaris 

Start Position. The patient is sitting or supine. The fore- 
arm is in slight supination and supported on a table or 
powder board. The wrist is extended and in radial dévia¬ 
tion, and the fingers and thumb are relaxed (Fig. 5-103). 

Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 

End Position. The patient flexes the wrist with ulnar 
déviation through full ROM (Fig. 5-104). 

Substitute Movement. Flexor carpi radialis, palmaris lon- 
gus, and flexor digitorum superficialis and profundus. 



Figure 5-104 End position: flexor carpi ulnaris. 
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Wrist Flexion (Not Shown) 


Against Gravity: Flexor Carpi Radialis 
and Flexor Carpi Ulnaris 



Accessory muscle: palmaris longus. 


Form Start Position. The patient is sitting or supine. If sit- 
5-24 ting, the forearm is supinated and supported on a 
table. The wrist is extended and the fingers and thumb 
are relaxed. 


Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 


Movement. The patient flexes the wrist through full ROM. 


Gravity Eliminated: Flexor Carpi 
Radialis and Flexor Carpi Ulnaris 

Start Position. The patient is sitting or supine. The fore¬ 
arm is in midposition and supported on a table or powder 
board. The wrist is extended and the fingers and thumb 
are relaxed. 

Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 

End Position. The patient flexes the wrist through full 
ROM. 

Substitute Movement. Flexor digitorum superficialis and 
profundus. 


Palpation. Flexor carpi radialis: Antérolatéral aspect of the 
wrist in line with the second web space, on the radial side 
of palmaris longus. Flexor carpi ulnaris: anteromedial 
aspect of the wrist proximal to the pisiform bone. 


Substitute Movement. Flexor digitorum superficialis and 
profundus. 


Résistance Location. Applied over the palm of the hand. 


Résistance Direction. Wrist extension. 
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Palmaris Longus 

Palmaris longus is a weak flexor of the wrist and is not 
isolated for individual muscle testing. It can be palpated 
on the midline of the anterior aspect of the wrist during 
testing of flexor carpi radialis and ulnaris. 

The presence of palmaris longus can be established 
through flexing the wrist and cupping the fingers and 


palm of the hand (Figs. 5-105 and 5-106). The muscle 
tendon stands out boldly when présent. However, pal¬ 
maris longus is a vestigial muscle in about 13% of sub- 
jects. 22 A decrease of grip or pinch strength is not associ- 
ated with the absence of palmaris longus. 23 



Figure 5-105 Palmaris longus: the muscle is présent in the right 
arm (observe the tendon at the wrist). The muscle is absent in the 
left arm. 
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Figure 5-107 Start position: extensor carpi radialis longus and 
brevis. 



Figure 5-108 Screen position: extensor carpi radialis longus and 
brevis. 


Wrist Extension and 
Radial Déviation 


Against Gravity: Extensor Carpi 
Radialis Longus and Extensor Carpi 
Radialis Brevis 



Accessory muscle: extensor carpi ulnaris. 


Form Start Position. The patient is sitting or supine. In 
5-25 sitting, the forearm is pronated and supported on a 
table. The wrist is flexed and in ulnar déviation and the 
fingers and thumb are slightly flexed (Fig. 5-107). 


Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 


Movement. The patient extends and radially deviates the 
wrist through full ROM (Fig. 5-108). The patient should 
be instructed to keep the thumb and fingers relaxed. 

Palpation. Extensor carpi radialis longus: dorsal aspect of 
the wrist at the base of the second metacarpal. Extensor 
carpi radialis brevis: base of the third metacarpal. 

Substitute Movement. The long finger extensors (extensor 
digitorum communis, extensor indicis, extensor digiti 
minimi). The patient may extend using extensor carpi 
ulnaris. Using only this muscle, the patient will extend 
with ulnar déviation. 


Résistance Location. Applied on the dorsal aspect of the 
hand over the second and third metacarpals (Figs. 5-109 
and 5-110). 

Résistance Direction. Wrist flexion and ulnar déviation. 



Figure 5-109 Résistance: extensor carpi radialis longus and 
brevis. 



Figure 5-110 Extensor carpi radialis longus and brevis. 
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Gravity Eliminated: Extensor Carpi 
Radialis Longus and Extensor Carpi 
Radîalis Brevis 

Start Position. The patient is sitting or supine. The fore- 
arm is in slight supination and supported on a table or 
powder board. The wrist is flexed in ulnar déviation. The 
fingers and thumb are slightly flexed (Fig. 5-111). 

Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 


End Position. The patient extends the wrist with simulta- 
neous radial déviation through full ROM (Fig. 5-112). 

Substitute Movement. The long finger extensors (extensor 
digitorum communis, extensor indicis, and extensor 
digiti minimi). Extensor carpi ulnaris. 



Figure 5-111 Start position: extensor carpi radialis longus and Figure 5-112 End position: extensor carpi radialis longus and 

brevis. brevis. 
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Wrist Extension and 
Ulnar Déviation 

Against Gravity: Extensor 
Carpi Ulnaris 

Accessory muscles: extensor carpi radialis longus 
and brevis. 

Form 

5-26 Start Position. The patient is sitting or supine. If sit- 
ting, the forearm is pronated and supported on a 
table. The wrist is flexed and in radial déviation, and the 
fingers and thumb are slightly flexed (Fig. 5-113). 

Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 

Movement. The patient extends and ulnarly deviates the 
wrist through full ROM (Fig. 5-114). The patient should 
be instructed to keep the fingers relaxed. 



Figure 5-113 Start position: extensor carpi ulnaris. 



Figure 5-115 Résistance: extensor carpi ulnaris. 


Palpation. On the dorsal aspect of the wrist proximal 
to the fifth metacarpal and distal to the ulnar styloid 
process. 

Substitute Movement. The long finger extensors (extensor 
digitorum communis, extensor indicis, extensor digiti 
minimi). The patient may extend and radially deviate the 
wrist through the action of extensor carpi radialis longus 
and brevis. 

Résistance Location. Applied on the dorsal aspect of the 
hand over the fourth and fifth metacarpals (Figs. 5-115 
and 5-116). 

Résistance Direction. Wrist flexion and radial déviation. 



Figure 5-114 Screen position: extensor carpi ulnaris. 



Figure 5-116 Extensor carpi ulnaris. 
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Gravity Eliminated: Extensor Carpi 
Ulnaris 

Start Position. The patient is sitting or supine. The fore- 
arm is in slight pronation and supported on a table or 
powder board. The wrist is flexed in radial déviation. The 
fingers and thumb are flexed (Fig. 5-117). 

Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 



Figure 5-117 Start position: extensor carpi ulnaris. 


End Position. The patient extends the wrist with simulta- 
neous ulnar déviation through full ROM (Fig. 5-118). 

Substitute Movement. The long finger extensors (extensor 
digitorum communis, extensor indicis, extensor digiti 
minimi). Extensor carpi radialis longus and brevis. 



Figure 5-118 End position: extensor carpi ulnaris. 
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Wrist Extension (Not Shown) 


Against Gravity: Extensor Carpi 
Radialis Longus, Extensor Carpi 
Radialis Brevis, and Extensor 
Carpi Ulnaris 


< 8 > 

Form 

5-27 


Start Position. The patient is sitting or supine. If sit- 
ting, the forearm is pronated and supported on a 
table. The wrist is flexed and the fingers and thumb 
are relaxed. 


Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 


Movement. The patient extends the wrist through full 
ROM. The patient should be instructed to keep the 
thumb and fingers relaxed. 

Palpation. Extensor carpi radialis longus: dorsal aspect of 
the wrist at the base of the second metacarpal. Extensor 
carpi radialis brevis: base of the third metacarpal. Extensor 
carpi ulnaris: on the dorsal aspect of the wrist proximal to 
the fïfth metacarpal and distal to the ulnar styloid 
process. 


Gravity Eliminated: Extensor Carpi 
Radialis Longus, Extensor Carpi 
Radialis Brevis, and Extensor 
Carpi Ulnaris 


Start Position. The patient is sitting or supine. The fore¬ 
arm is in midposition and supported on a table or powder 
board. The wrist is flexed, and the fingers and thumb are 
relaxed. 

Stabilization. The therapist stabilizes the forearm proxi¬ 
mal to the wrist. 

End Position. The patient extends the wrist through full 
ROM. 

Substitute Movement. Extensor digitorum, extensor digiti 
minimi, extensor indicis. 


Substitute Movement. Extensor digitorum communis, 
extensor digiti minimi, and extensor indicis if the fingers 
are extended. 


Résistance Location. Applied on the dorsal aspect of the 
hand over the metacarpals. 


Résistance Direction. Wrist flexion. 
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Finger and Thumb Muscles 

Gravity is not considered to be a factor in manual muscle 
testing of the fingers and thumb because the weight of 
the part is small in comparison to the strength of the 


muscle. 21 The muscles of the fingers and toes may be 
tested in either a gravity eliminated or an against gravity 
position for ail grades. Table 5-6 gives a description of the 
grading for the fingers and toes. 


TABLE 5-6 


Numéral 


5 

4 

3 

2 

1 

0 


Grading for the Fingers and Toes 

Description 

The patient is able to actively move through: 

The full available ROM against maximal résistance, gravity eliminated or against gravity 
The full available ROM against moderate résistance, gravity eliminated or against gravity 
The full available ROM, gravity eliminated or against gravity 
Part of the available ROM, gravity eliminated or against gravity 

None of the available ROM, but there is a palpable or observable flicker of a muscle contraction, gravity 
eliminated or against gravity 

None of the available ROM, and there is no palpable or observable muscle contraction, gravity eliminated or 
against gravity 
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Finger Metacarpophalangeal 
Extension 

Extensor Digitorum Communis, 
Extensor Indicis Proprius, and 
Extensor Digitî Minimi 


Palpation (Fig. 5-121). Extensor digitorum: the tendons to 
each finger can be palpated on the dorsum of the hand 
proximal to each metacarpal head. Extensor indicis : 
médial to the extensor digitorum tendon to the index 
finger. Extensor digiti minimi: latéral to the extensor digi- 
torum tendon to the little finger. 


Form 

5-28 


Start Position. The patient is sitting or supine. The 
forearm is pronated, the wrist is in a neutral posi¬ 
tion, and the fingers are flexed (Fig. 5-119). 


Stabilization. The therapist stabilizes the metacarpals. 


Movement. The patient extends ail four MCP joints while 
maintaining flexion at the IP joints (Fig. 5-120). 


Substitute Movement. Stabilization of the wrist prevents 
the tenodesis effect of wrist flexion and subséquent MCP 
extension. 14,19 

Résistance Location. Dorsal aspect of the proximal pha- 
lanx of each finger (Figs. 5-122 and 5-123). 

Résistance Direction. MCP flexion. 



Figure 5-119 Start position: extensor 
digitorum, extensor indicis proprius, and 
extensor digiti minimi. 



Figure 5-120 Screen position: extensor 
digitorum, extensor indicis, and extensor 
digiti minimi. 



Figure 5-121 Extensor expansion. 



Figure 5-122 Résistance: extensor digitorum, extensor indicis, 
and extensor digiti minimi. 



Figure 5-123 Extensor digitorum, extensor indicis, and extensor 
digiti minimi. 
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Metacarpophalangeal 

Abduction 

Dorsal Interossei and Abductor 
Digiti Minimi 

Start Position. The patient is sitting or supine. 
V f Dorsal interossei (Fig. 5-124): the forearm is pro- 
Forms nated and supported on a table, the wrist is in 
5 - 29 ,5-30 neutral, and the fingers are extended and adducted. 
Abductor digiti minimi (Fig. 5-125): the forearm is supi- 
nated. 

Stabilization. Dorsal interossei: the therapist stabilizes the 
dorsum of the hand over the metacarpal bones and wrist. 
Abductor digiti minimi: the therapist stabilizes the wrist 



Figure 5-124 Start position: dorsal interossei. 


and latéral three metacarpals. The adjacent finger away 
from which the finger is moving may also be stabilized. 

Movement. Dorsal interossei (Fig. 5-126): the patient 
abducts the index finger toward the thumb, the middle 
finger toward the index finger and then ring finger, and 
the ring finger toward the little finger. To prevent assis¬ 
tance from an adjacent finger, the nontest digits may 
require stabilization. Abductor digiti minimi (Fig. 5-127): 
the patient abducts the little finger. 

Palpation. The first dorsal interosseous is palpated on the 
radial aspect of the second metacarpal (see Fig. 5-126). 
The remaining interossei cannot be palpated. Abductor 
digiti minimi is palpated on the ulnar aspect of the fifth 
metacarpal (see Fig. 5-127). 



Figure 5-125 Start position: abductor digiti minimi. 
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Substitute Movement. Maintain the MCP joints in neutral 
position to avoid finger abduction through contraction 
of the extensor digitorum communis. 

Résistance Location. Against the proximal phalanx of the 
digit being tested. The therapist resists on the radial side 



Figure 5-128 Résistance: fourth dorsal interosseous. 



Figure 5-130 Résistance: abductor digiti minimi. 


of the index and middle fingers and the ulnar side of the 
middle, ring (Figs. 5-128 and 5-129), and little fingers 
(Figs. 5-130 and 5-131). 

Résistance Direction. Adduction. 




Figure 5-131 Abductor digiti minimi. 
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Metacarpophalangeal 

Adduction 

Palmar Interosseî 

Start Position. The patient is sitting or supine. If sit- 
ting, the forearm is supinated and supported on a 
Form table, the wrist is in neutral, and the fingers are 
5-31 abducted (Fig. 5-132). 

Stabilization. The therapist stabilizes the metacarpal bones 
and wrist. The adjacent finger toward which the finger is 
moving may also be stabilized (not shown). 

Movement. The patient adducts the index, ring, and little 
finger toward the middle finger (Fig. 5-133). 


Palpation. These muscles cannot be palpated. 

Substitute Movement. None. 

Résistance Location. Against the proximal phalanx of the 
digit being tested (Figs. 5-134 and 5-135). The therapist 
resists on the ulnar aspect of the index finger and on the 
radial aspect of the ring and fifth fingers. 

Résistance Direction. Abduction. 




Figure 5-132 Start position: palmar interossei. 


Figure 5-133 Screen position: palmar interossei. 



Figure 5-134 Résistance: third palmar interosseous. 



Figure 5-135 Palmar interossei. 
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Finger Metacarpophalangeal 
Flexion and Interphalangeal 
Extension 

Lumbricales 

The interossei muscles also flex the MCP joints and 
simultaneously extend the IP joints. The interossei 
Form hâve been isolated for testing as abductors and 
5-32 adductors. Should the interossei be strong, weak- 
ness elicited in this muscle test may be attributed to lum¬ 
bricales. Accessory muscle: flexor digiti minimi (MCP 
joint flexion). 

Start Position. The patient is sitting or supine. The fore- 
arm is pronated or in midposition, supported on a table. 
The wrist is in a neutral position, the MCP joints are 
extended and adducted, and the IP joints are slightly 
flexed (Fig. 5-136). 



Figure 5-136 Start position: lumbricales. 


Stabilization. The therapist stabilizes the metacarpals. 

Movement. The patient flexes the MCP joints while simul¬ 
taneously extending the IP joints (Fig. 5-137). The fingers 
are allowed to abduct to prevent assistance from adjacent 
fingers in static adduction. 

Palpation. The lumbricales cannot be palpated. 

Substitute Movement. Extensor digitorum communis. 

Résistance Location. Applied on the volar surface of the 
proximal phalanx and the dorsal surface of the middle 
phalanx (Figs. 5-138 and 5-139). 

Résistance Direction. MCP extension and IP flexion. 



Figure 5-137 Screen position: lumbricales. 




Figure 5-138 Résistance: first lumbricalis. 



Figure 5-139 First lumbricalis. 
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Fifth Finger 

Metacarpophalangeal Flexion 

Flexor Digiti Minimi 


Accessory muscles: fourth lumbricalis, fourth pal- 
mar interosseous, and abductor digiti minimi. 

Form 

5-33 

Start Position. The patient is sitting or supine. If sit- 
ting, the forearm is supinated and supported on a table. 
The wrist is in a neutral position and the fingers are 
extended (Fig. 5-140). 

Stabilization. The therapist stabilizes the metacarpals. 

Movement. The patient flexes the MCP joint of the little 
finger while maintaining IP joint extension (Fig. 5-141). 



Figure 5-140 Start position: flexor digiti minimi. 


Palpation. On the hypothenar eminence médial to abduc¬ 
tor digiti minimi. 

Substitute Movement. The patient may attempt to use 
flexor digitorum superficialis and profundus. Ensure that 
no flexion of the IP joints occurs. If flexion cannot be 
initiated, the patient may abduct the little finger through 
the action of abductor digiti minimi. 

Résistance Location. Applied on the volar aspect of the 
proximal phalanx of the little finger (Figs. 5-142 and 
5-143). 

Résistance Direction. Extension. 



Figure 5-141 Screen position: flexor digiti minimi. 




Figure 5-142 Résistance: flexor digiti minimi. 



Figure 5-143 Flexor digiti minimi. 
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Figure 5-144 Start position: flexor digitorum superficialis. 



Figure 5-145 Screen position: flexor digitorum superficialis. 


Finger Proximal 
Interphalangeal Flexion 


Flexor Digitorum Superficialis 



Accessory muscle: flexor digitorum profundus. 


Form 

5-34 Start Position. The patient is sitting or supine. In 
sitting, the forearm is supinated and supported on a 
table. The wrist is in a neutral position or slight extension 
and the finger s are extended. To rule out the contribution 
of flexor digitorum profundus, the fingers not being 
tested may be held in extension 24 (Fig. 5-144). 


Stabilization. The therapist stabilizes the metacarpals and 
the proximal phalanx of the finger being tested. 


Movement. The patient flexes the PIP joint of each finger 
while maintaining DIP joint extension (Fig. 5-145). The 
little finger is not isolated for testing and may flex with 
the ring finger. Isolated action of the little finger superfi¬ 
cialis is not always possible. 25 


Palpation. On the volar surface of the wrist between the 
palmaris longus and flexor carpi ulnaris tendons or on 
the proximal phalanx. 
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Substitute Movement. Flexor digitorum profundus. The 
flexor digitorum profundus tendons to the ulnar three 
fingers often originate from a common muscle belly; 
thus, the action of the profundus is interdependent in 
these fingers. 26 Therefore, holding the nontest fingers in 
extension éliminâtes normal function of the profundus 
tendon of the test finger. 

Résistance Location. Applied on the volar surface of the 
middle phalanx (Figs. 5-146 and 5-147). 

Résistance Direction. Extension. 


Figure 5-146 Résistance: flexor digitorum superficialis. 




Figure 5-147 Flexor digitorum superficialis. 
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Finger Distal Interphalangeal 
Flexion 

Flexor Digitorum Profundus 

• Start Position. The patient is sitting or supine. If 
sitting, the forearm is supinated and supported on 
Form a table. The wrist is in a neutral position or slight 
5-35 extension and the test finger is in extension (Fig. 
5-148). 

Stabilization. The therapist stabilizes the proximal and 
middle phalanges of the test finger. 

Movement. The patient flexes the DIP joint through full 
ROM (Fig. 5-149). 



Figure 5-148 Start position: flexor digitorum profundus. 



Figure 5-150 Résistance: flexor digitorum profundus. 


The flexor digitorum profundus tendons to the ulnar 
three fingers often originate from a common muscle 
belly; thus, the action of the profundus is interdependent 
in these fingers and the nontest fingers should be held in 
slight flexion during testing. 26 

Palpation. On the volar surface of the middle phalanx. 

Résistance Location. Applied on the volar aspect of the 
distal phalanx (Figs. 5-150 and 5-151). 

Résistance Direction. Extension. 



Figure 5-149 Screen position: flexor digitorum profundus. 



Figure 5-151 Flexor digitorum profundus. 
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Thumb Interphalangeal 
Flexion 

Flexor Pollicis Longus 

Start Position. The patient is sitting or supine. The 
forearm is supinated, the wrist is in a neutral posi- 

Form tion, and the thumb is extended (Fig. 5-152). 

5-36 

Stabilization. The therapist stabilizes the wrist, the thumb 
metacarpal, and proximal phalanx. 

Movement. The patient flexes the IP joint through full 
ROM (Fig. 5-153). 



Figure 5-152 Start position: flexor pollicis longus. 



Figure 5-154 Résistance: flexor pollicis longus. 


Palpation. Volar aspect of the proximal phalanx. 

Substitute Movement. The relaxation of the thumb fol- 
lowing extension of the IP joint may give the appearance 
of contraction of flexor pollicis longus. 

Résistance Location. Applied on the volar surface of the 
distal phalanx (Figs. 5-154 and 5-155). 

Résistance Direction. Extension. 



Figure 5-153 Screen position: flexor pollicis longus. 



Figure 5-155 Flexor pollicis longus. 
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Thumb Metacarpophalangeal 
Flexion 


Palpation. Proximal to the MCP joint on the middle of the 
thenar eminence, médial to abductor pollicis brevis. 


Flexor Pollicis Brevis 


Substitute Movement. Flexor pollicis longus. 



Form 

5-37 


Accessory muscle: flexor pollicis longus. 

Start Position. The patient is sitting or supine. The 
forearm is supinated, the wrist is in a neutral posi¬ 
tion, and the thumb is extended and adducted (Fig. 


5-156). 


Résistance Location. Applied on the volar aspect of the 
proximal phalanx (Figs. 5-158 and 5-159). 

Résistance Direction. Extension. 


Stabilization. The therapist stabilizes the wrist and thumb 
metacarpal. 

Movement. The patient flexes the MCP joint while main- 
taining extension of the IP joint to minimize the action 
of flexor pollicis longus (Fig. 5-157). 



Figure 5-156 Start position: flexor pollicis brevis. 


Figure 5-157 Screen position: flexor pollicis brevis. 



Figure 5-158 Résistance: flexor pollicis brevis. 



Figure 5-159 Flexor pollicis brevis. 
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Thumb Interphalangeal 
Extension 

Extensor Pollicis Longus 

Start Position. The patient is sitting or supine. The 
forearm is in midposition or slight pronation and 
Form the wrist is in a neutral position. The thumb is 
5-38 adducted with the MCP joint extended and the IP 
joint flexed (Fig. 5-160). 

Stabilization. The therapist stabilizes the thumb metacar- 
pal and proximal phalanx. 

Movement. The patient extends the IP joint through full 
ROM (Fig. 5-161A). 


Palpation. On the dorsal surface of the proximal phalanx 
or on the ulnar border of the anatomical snuff box (see 
Fig. 5-161B). 

Substitute Movement. Positioning of the thumb in adduc¬ 
tion limits the extensor action of abductor pollicis brevis 
and flexor pollicis brevis. 24 Rebound of contraction of 
flexor pollicis longus. 

Résistance Location. Applied on the dorsal aspect of the 
distal phalanx (Figs. 5-162 and 5-163). 

Résistance Direction. Flexion. 




Figure 5-161 A. Screen position: extensor pollicis longus. 
B. Palpation: extensor pollicis longus. 



Figure 5-162 Résistance: extensor pollicis longus. 



Figure 5-163 Extensor pollicis longus. 
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Thumb Metacarpophalangeal 
Extension 

Extensor Pollicis Brevîs 


Palpation. On the dorsoradial aspect of the wrist at the 
base of the shaft of the thumb metacarpal. It forms the 
radial border of the anatomical snuff box and is médial to 
the tendon of abductor pollicis longus (see Fig. 5-165B). 


«£) 


Accessory muscle: extensor pollicis longus. 


Form Start Position. The patient is sitting or supine. The 
5-39 forearm is in midposition or slightly pronated and 
the wrist is in a neutral position. The thumb MCP and IP 
joints are flexed (Fig. 5-164). 


Substitute Movement. Extensor pollicis longus. 

Résistance Location. Applied on the dorsal surface of the 
proximal phalanx (Figs. 5-166 and 5-167). 

Résistance Direction. Flexion. 


Stabilization. The therapist stabilizes the first metacarpal. 


Movement. The patient extends the MCP joint of the 
thumb while maintaining slight flexion of the IP joint 
(Fig. 5-165A). 



Figure 5-164 Start position: extensor pollicis brevis. 




Figure 5-165 A. Screen position: extensor pollicis brevis. 
B. Palpation: extensor pollicis brevis. 



Figure 5-166 Résistance: extensor pollicis brevis. 



Figure 5-167 Extensor pollicis brevis. 
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Thumb Radial Abduction 

Abductor Pollicis Longus 

Start Position. The patient is sitting or supine. The 
forearm is in supination and the wrist is in neutral. 
The thumb is adducted against the volar aspect of 
5-40 the index finger (Fig. 5-168). 

Stabilization. The therapist stabilizes the wrist and second 
metacarpal. 

Movement. The patient abducts the thumb in a radial 
direction through full ROM (Fig. 5-169). The thumb is 
taken away from the index finger at an angle of 45 024 
toward extension. 



Figure 5-168 Start position: abductor pollicis longus. 



Figure 5-170 Résistance: abductor pollicis longus. 


Palpation. On the latéral aspect of the wrist at the base of 
the thumb metacarpal, and on the radial side of extensor 
pollicis brevis. 

Substitute Movement. Palmar abduction may be attempted 
through the action of abductor pollicis brevis. 27 

Résistance Location. Applied on the latéral aspect of the 
thumb metacarpal (Figs. 5-170 and 5-171). 

Résistance Direction. Adduction and flexion. 



Figure 5-169 Screen position: abductor pollicis longus. 



Figure 5-171 Abductor pollicis longus. 
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Thumb Palmar Abduction 


Palpation. On the latéral aspect of the thumb metacarpal. 


Abductor Pollicis Brevis 



Form 

5-41 


Start Position. The patient is sitting or supine. The 
forearm is in supination and the wrist is in a neu- 
tral position. The thumb is adducted against the 
volar aspect of the index finger (Fig. 5-172). 


Stabilization. The therapist stabilizes the wrist and the 
second metacarpal. 


Substitute Movement. Radial abduction may be attempted 
through the action of abductor pollicis longus. 27 

Résistance Location. Applied on the latéral aspect of the 
proximal phalanx (Figs. 5-174 and 5-175). 

Résistance Direction. Adduction. 


Movement. The patient abducts the thumb through full 
ROM (Fig. 5-173). The thumb is taken away at a right 
angle to the index finger. 24 



Figure 5-172 Start position: abductor pollicis brevis. 


Figure 5-173 Screen position: abductor pollicis brevis. 



Figure 5-174 Résistance: abductor pollicis brevis. 
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Thumb Adduction 


Adductor Pollicis 




Accessory muscle: flexor pollicis brevis. 


Form Start Position. The patient is sitting or supine. The 
5-42 forearm is supinated. The wrist is in a neutral posi¬ 
tion and the fingers are extended. The MCP and IP 
joints of the thumb are flexed and the thumb is in palmar 
abduction (Fig. 5-176). 


Palpation. On the palmar surface of the hand between the 
first and second metacarpals. 

Substitute Movement. Flexor pollicis longus and extensor 
pollicis longus. 19,24 

Résistance Location. Applied on the médial aspect of the 
proximal phalanx (Figs. 5-178 and 5-179). 

Résistance Direction. Palmar abduction. 


Stabilization. The therapist stabilizes the wrist and the 
second through fifth metacarpals. 

Movement. The patient adducts the thumb while main- 
taining flexion of the MCP and IP joints (Fig. 5-177). If 
the patient has difficulty maintaining flexion, the MCP 
and IP joints may be held in extension. 



Figure 5-176 Start position: adductor pollicis. 


Figure 5-177 Screen position: adductor pollicis. 



Figure 5-178 Résistance: adductor pollicis. 



Figure 5-179 Adductor pollicis. 
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Opposition of the Thumb and 
Fifth Finger 

Opponens Pollicis and Opponens Digiti 
Minimi) 

Accessory muscles: abductor pollicis brevis, adduc- 
tor pollicis brevis, and flexor pollicis brevis. 

Form 

5-43 Start Position. The patient is sitting or supine. The 
forearm is supinated and the wrist is in a neutral 
position (Fig. 5-180). The fingers are extended and the 
MCP and IP joints of the thumb are extended. The thumb 
is in palmar abduction because the opponens pollicis 
cannot oppose effectively until the thumb is abducted. 24 

Stabilization. The therapist stabilizes the distal forearm. 
The thumb may be supported in abduction if the abduc¬ 
tor pollicis brevis is weak. 

Movement. The patient flexes and medially rotâtes the 
thumb metacarpal toward the little finger, and the little 
finger flexes and rotâtes toward the thumb so that 


the pads of the finger and thumb touch (Fig. 5-181). The 
distal phalanges remain in extension throughout 
movement. 

Palpation. Opponens pollicis: latéral to abductor pollicis 
brevis on the radial aspect of the shaft of the thumb 
metacarpal. Opponens digiti minimi: on the volar surface of 
the shaft of the fifth metacarpal (see Fig. 5-181). 

Substitute Movement. Toward the end of range, the patient 
may flex the distal joints of the thumb and finger to give 
the appearance of full opposition. This substitution is 
absent if, in full opposition, the thumbnail is observed to 
lie in a plane parallel to the plane of the palm. 

Résistance Location. Both movements are resisted simul- 
taneously and résistance is applied on the volar surfaces 
of the thumb metacarpal and fifth metacarpal (Figs. 5-182 
and 5-183). 

Résistance Direction. Extension, adduction, and latéral 
rotation. 




Figure 5-180 Start position: opponens pollicis and opponens 
digiti minimi. 


Figure 5-181 Screen position: opponens pollicis and opponens 
digiti minimi. 
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Functional Application 


Joint Function: Wrist 

The wrist optimizes the function of the hand to touch, 
grasp, or manipulate objects. Wrist motion positions the 
hand in space relative to the forearm and serves to trans¬ 
mit load between the hand and forearm. 28 Because of 
wrist motion and static positioning, the wrist serves to 
control the length-tension relations of the extrinsic 
muscles of the hand. 

Wrist position effects finger ROM. Moving the wrist 
from a flexed position into extension causes synergistic 
finger flexion at the MCP, PIP, and DIP joints of the fin- 
gers due to passive tension in the long finger flexors. 29 As 
the wrist moves from an extended position into flexion, 
the fingers extend due to passive tension in the long fin¬ 
ger extensors and the hand opens. 


Functional Range of 
Motion: Wrist 

Wrist extension and ulnar déviation are the most impor¬ 
tant positions or movements 30 for activities of daily living 



(ADL). In most daily activities, the wrist assumes a posi¬ 
tion of extension for the purpose of stabilization of the 
hand and flexion of the distal joints (Fig. 5-184). However, 
in the performance of périnéal hygiene activities and 
dressing activities at the back (Fig. 5-185), the wrist 
assumes a flexed posture. 

Two approaches hâve heen used to détermine the wrist 
ROM required to successfully perform ADL: 

In one approach, the wrist ROM was assessed as normal 
subjects performed ADL. Brumfield and Champoux 31 eval- 
uated 15 ADL and found the normal functional range of 
wrist motion for most activities was between 10° flexion 
and 35° extension. Palmer and coworkers, 32 evaluating 52 



Figure 5-184 In most ADL the wrist assumes a position of extension. A. Unlocking a door with a key. B. Writing. 
C. Drinking from a cup. D. Brushing one’s hair. 
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Figure 5-185 The wrist is flexed in performing dressing activities 
at the back. 


standardized tasks, found comparable required ranges of 
5° flexion and 30° extension. Normal functional range for 
ulnar déviation was 15° and radial déviation 10°. 32 

Higher values (54° flexion, 60° extension, 40° ulnar 
déviation, and 17° radial déviation) for the maximum 
wrist motion required for ADL were reported by Ryu and 
colleagues 30 in evaluating 31 activities. The authors sug- 
gested differing methods of data analysis and the design 
and application of the goniometer as possible reasons for 
these values being higher compared to other studies. 

More spécifie ROM requirements for feeding activities 
(Fig. 5-186) (i.e., drinking from a cup or glass, eating 
using a fork or spoon, and cutting using a knife) are from 
approximately 3° wrist flexion to 35° wrist extension 31,33 
and from 20° ulnar déviation to 5° radial déviation. 33 

Using another approach, wrist ROM was artificially 
restricted and the ability to complété ADL was assessed. 
Nelson 34 evaluated the ability to perform 125 ADL (activ¬ 
ities of work or récréation were not included) with the 




Figure 5-186 Wrist ROM from approximately 3° flexion to 35° extension (31,33) and from 
20° ulnar déviation and 5° radial déviation (33) are required for feeding activities. 

A. Drinking from a cup. B. Eating using a spoon. C. Eating using a knife and fork. 
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wrist splinted to allow for only 5° flexion, 6° extension, 
7° radial déviation, and 6° ulnar déviation. With the wrist 
splinted in this manner, 123 ADL could be completed. 
Therefore, marked loss of wrist ROM may not signifi- 
cantly hinder a patient's ability to carry out ADL. 

Franko and colleagues 35 used objective ROM parame- 
ters, an objective timed test, and subjective surveys to 
evaluate functional différences between unrestricted 
(100%), partially (42%), and highly (15%) restricted nor¬ 
mal wrist ROM conditions. The objective timed test 
included contemporary ADL not studied previously, such 
as, the use of a computer mouse, cell phone, and typing 
on a computer keyboard and handheld device. The 
researchers concluded that as wrist ROM decreased objec¬ 
tive and subjective functional limitation increased; how- 
ever, "ail subjects in both highly and partially restricted 
motion conditions had a surprisingly high degree of 
functional motion, suggesting that a direct corrélation 
does not exist between loss of motion and loss of 
function. " 35(p495 e6) 

Coupled Wrist Motion 11,36 

Wrist movements are coupled during dynamic tasks. 
Wrist radial déviation occurs with maximal wrist exten¬ 
sion, and ulnar déviation occurs with maximal wrist 
flexion. 

Finger Position Effects Wrist ROM 

Gehrmann and coworkers 12 assessed wrist ROM with the 
fingers unconstrained and held in three different flexed 
positions. With increased finger flexion angles, wrist flex¬ 
ion and ulnar déviation ROM significantly decreased. 
Flexed finger positions occur when gripping a handle or 
tool and in these situations wrist ROM may be reduced. 


Joint Function: Hand 

The hand has multiple functions associated with ADL. 
The primary functions are to grasp, manipulate objects, 
communicate, and receive sensory information from the 
environment. The grasping function is isolated for pré¬ 
sentation in this section. 


Functional Range of 
Motion: Hand 

Full opening of the hand is not required for grasping 
tasks in daily self-care activities but may be required for 
grasp in leisure or occupational tasks. When grasping an 
object, the shape, size, and weight of the object influence 
the degree of finger flexion, the area of palmar contact, 
and thumb position (Fig. 5-187). The thumb may or may 
not be included in the grip 10 (see Fig. 5-187A). When 
grasping different-sized cylinders, the DIP joint angle 
remains constant and the fingers adjust to the new cylin- 
der size through changes in the joint angles at the MCP 
and PIP joints. 37 


Pieniazek and colleagues 38 evaluated the flexion and 
extension ROM at the MCP, PIP, and DIP joints of the 
hand during three ADL, combing the hair, closing a zip 
fastener, and answering a téléphoné call. The ROM values 
were about midrange and never reach maximal flexion/ 
extension values. The pattern of relative mobility was 
similar in ail fingers, being greatest at the MCP joints and 
decreasing from the PIP to the DIP joints, except for the 
index finger where PIP joint motion was greater than that 
at the MCP joint. 

Hume and coworkers 39 reported the MCP and IP joint 
ROM needed to perform many ADL. No significant différ¬ 
ences in the functional positions of the individual fingers 
were found; therefore, the finger positions were reported 
as one. The ROM at the MCP joints of the fingers and 
thumb were 33°-73° flexion and 10°-32° flexion, respec- 
tively. The PIP and DIP joint ROM of the fingers was 
36°-86° flexion and 20°-61° flexion, respectively. The 
ROM of the IP joint of the thumb was 2°-43° flexion. 

Arches of the Hand 

The arches of the hand are described in Table 5-7. The 
arches are observed with the forearm supinated and the 
hand resting on a table (Fig. 5-188). 

The carpal arch, a relatively fixed segment, is covered 
by the flexor retinaculum. This arrangement functions to 
maintain the long finger flexors close to the wrist joint, 
thus reducing the ability of these muscles to produce 
wrist flexion and enhancing the synergistic action of the 
wrist flexors and extensors in power grip. 19 

In the relaxed position of the hand, a gently cupped 
concavity is normally observed. When gripping or 
manipulating objects, the palmar concavity becomes 
deeper and more gutter-shaped. When the hand is 
opened fully, the palm flattens. The guttering and flat- 
tening of the palm results from the mobility available at 
the rays of the ring and little fingers and thumb. Each 
ray consists of the metacarpal and phalanges of a finger 
or the thumb. These rays flex, rotate, and move toward 
the center of the palm so the pads of the fingers and 
thumb are positioned to meet. This motion occurs at the 
CM joints. The mobile peripheral rays move around the 
fixed metacarpals of the index and middle fingers. 


The Grasping Function of 
the Wrist and Hand 

The two terms that relate to the grasping function of the 
hand are préhension and grip. Tubiana and colleagues 19 
point out that there is a fundamental différence in the 
meaning of the two terms. They define préhension as 
"... ail the functions that are put into play when an 
object is grasped by the hands-intent, permanent sensory 
control, and a mechanism of grip". 19(pl61) Grip is defined as 
"the manual mechanical component of préhension". 19(pl61) 

Napier 40 categorizes grip into two main gripping pos¬ 
tures: power grip and précision grip. He emphasizes that 
these two postures provide the anatomical basis for ail 
skilled or unskilled activities of the hand and that power 
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Figure 5-187 When grasping an object, the shape, size, and/or 
weight of the object influence the degree of finger flexion, the area 
of palmar contact, and thumb position, as observed when (A) 
carrying a briefcase, (B) cracking an egg, (C) holding a large cup, 
(D) gripping the handle of a hammer, (E) moving a chess piece, 
and (F) winding a watch. 
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TABLE 5-7 Arches of the Hand 19 

Arch 

Location 

Keystone 

Mobility 

Carpal arch 

Distal row of carpal bones 

Capitate 

Fixed 


Proximal row of carpal bones 

- 

Mobile 

Metacarpal arch 

Level of metacarpal heads 

Third metacarpal 
head 

Mobile 

Longitudinal arches 

Carpals and each of the five 
rays* 

MCP joints 

Mobile; fixed (index and 
middle metacarpal) 


*Ray: the metacarpal and phalanges of one finger or the thumb. 


and précision are the dominant characteristics in ail pre- 
hensile activities. Power grips are used when power or 
force is required in a grasping activity (Fig. 5-189). The 
object is held in a clamp, formed by the flexed fingers and 
the palm, with optional counterpressure on the object 
being applied by the thumb. 

When précision is required in an activity, the hand 
assumes a précision grip posture (Fig. 5-190). The object 
is pinched between the volar aspects of the fingers and 
the opposed thumb. Précision grip 40 involves stabiliza¬ 
tion of an object between the finger (s) and thumb. The 
function of précision grip is to secure the object so that 
the more proximal limb segments can move the object. 
An object may also be manipulated in the hand. 
Landsmeer 41 refers to this manipulation function as "pré¬ 
cision handling." 41(p - 165) The first phase is positioning the 
fingers and thumb to hold the object and the second 
phase is the actual manipulation or handling of the 
object. 



Figure 5-189 Power grip. 



Figure 5-188 Palmar arches. Observe the transverse palmar 
concavities at the levels of the distal row of carpal bones and the 
metacarpal bones and the longitudinal concavities along the rays 
of each finger. 



Figure 5-190 Précision grip. 
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The following description of wrist and hand function 
is limited to an analysis of power grip, précision grip, and 
précision handling. Emphasis is placed on the phases of 
the gripping process, movement patterns, static position- 
ing, and muscle activity of the respective grip. 


Power Grip 

There are four phases of power grip: opening the hand, 
positioning the fingers, approaching the fingers or fingers 
and thumb to the object, and the actual grip. 41 Each 
phase is a prerequisite of effective grip. 

Opening Phase (Fig- 5-191) 

Opening is an intuitive action and the amount is prede- 
termined by intent to grasp a spécifie object. 42 The hand 
assumes a posture that will accommodate the physical 
structure of the object. Full opening is not required for 
grasping tasks in daily self-care activities but may be 
required for grasp in leisure or occupational tasks. 

The position of the wrist influences the fingers and 
thumb. Wrist flexion permits full extension of the fin¬ 
gers 19 ' 43 to open the hand for grasp of large objects. In this 
position, the tip of the thumb is level with the PIP joints 
of the fingers. 44 As the distance between the open hand's 
fingers and thumb encompasses excess space in relation 
to the object, the MCP joints of the fingers are often fully 
extended, whereas the IP joints are always flexed to a cer¬ 
tain degree so that the gripping surfaces of the fingers 
face the object. 42 

The opening phase is a dynamic phase, 41 characterized 
by concentric muscle contraction. Active opening is 
achieved through the synergistic muscle action of the 
wrist flexors and the finger extensors. 43-45 The long exten- 
sors of the fingers extend the MCP joints and hâve a sec- 
ondary wrist extensor action. To prevent the extensor 


action from occurring at the wrist, the wrist flexors func¬ 
tion as counteracting synergists, keeping the wrist in a 
neutral position or flexion. 43 The integrity of extensor 
digitorum is essential for creating active finger opening. 42 
The larger the object to be grasped, the more the fingers 
abduct and the thumb radially abducts and/or extends. 

Finger and Thumb (Optîonal) 

Positioning Phase (see Fig. 5-191) 

The choice of finger position occurs in conjunction 
with the opening phase and adjustment to the desired 
position occurs at the MCP and IP joints. 41 The integrity 
of the activity of extensor digitorum in extending the 
MCP joints and lumbricales in creating a grip position 
is essential in this phase of grip. 42 When ulnar déviation 
of one or more MCP joints is a component of the 
intended grip, the interossei replace the lumbricales. 42 

Approach Phase (Fig. 5-192) 

The movement pattern identified for this phase is wrist 
extension, finger and thumb flexion, and adduction. As 
in the opening phase, the position of the wrist influences 
the fingers and thumb. Wrist extension permits full flex¬ 
ion of the fingers 1943 as one grasps an object. As the 
object is approached, the fingers usually flex simultane- 
ously and close around the object 43 so the palm of the 
hand contacts the object. Flexor digitorum profundus is 
the critical muscle used in free closing of the hand. 46 The 
wrist extensors function to stabilize the wrist and prevent 
wrist flexion by profundus and superficialis. 43 The thenar 
muscles, when the thumb is involved, are active as the 
thumb approaches the object for its final position of 
adduction and/or opposition. Both the position and 
muscle activity are influenced by the shape of the object 
to be grasped. 




Figure 5-191 Power grip: opening phase and finger/optional Figure 5-192 Power grip: approach phase, 

thumb positioning phase. 
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Static Grip Phase (Fig. 5-193) 

This phase is a power or stabilization phase and is charac- 
terized by isométrie muscle contraction. The function of 
the hand complex is to stabilize an object so that it can 
be moved by the proximal limb segments 41 and contrib- 
utes to the aggregate power of the arm. 

The power grip has three significant characteristics: 1. 
the wrist is held in neutral or extension, 2. the fingers are 
maintained in flexion and abduction or adduction, and 
3. the volar surfaces of the fingers and portions of the 
palm make forceful contact with the object. The thumb 
may or may not be included in the grip. 10 For example, in 
grasping a briefease (Fig. 5-194), the thumb does not con- 
tribute to the grip and this grip is referred to as a hook 
grasp. In grasping a cylindrical object, such as a hammer 
or a cup (Fig. 5-195), the thumb does contribute to the 
grip. When included for force, the thumb may be flexed 
and adducted. When included for an element of préci¬ 
sion, it is usually abducted and flexed. 

The shape, size, and/or weight of the object influence 
the degree of finger flexion, the area of palmar contact, 
and thumb position. When grasping different sized cylin- 
ders, the DIP joint angle remains constant and the fingers 
adjust to the new cylinder size through changes in the 
joint angles at the MCP and PIP joints. 37 It should also be 
noted that as the diameter of a cylindrical object increases, 
the total grip strength has been shown to decrease. 47 

The ability of the two ulnar fingers to flex and rotate 
at the CM joints and flex beyond 90° at the MCP joints 
contributes to digitopalmar contact on the ulnar side of 
the hand. Research by Bendz 48 shows the hypothenar 
muscles, notably the flexor digiti minimi and the abduc- 
tor digiti minimi, contract to flex the fifth metacarpal 
and proximal phalanx of the fifth digit. The abductor 
digiti minimi also rotâtes the fifth metacarpal. These 
muscles contract to provide strength to the grip, but for 
full strength the flexor carpi ulnaris is subsequently 
recruited to augment the contractions of the flexor and 
abductor digiti minimi via the common attachment of 
these muscles to the pisiform bone. 48 However, the ring 
and little finger can generate only about 70% of the force 
of the index and middle fingers, so that power require- 


ments fall to the radial fingers. 49,50 As increased force is 
required in the grasp, the wrist ulnarly deviates. The 
greatest force generated at the phalanges is obtained 
when the wrist is in ulnar déviation. 49 Within the general 
classification of Napier's 40 descriptors of power grip, vari- 
ous subgroups of postures can be identified. Kamakura 
and associâtes 51 identify five patterns of power grip. These 
patterns hâve the three general characteristics previously 
specified. Spécifie patterns may be differentiated accord- 
ing to the involvement of the thumb, degree of range of 
movement, finger position, and/or the amount of digito¬ 
palmar contact area. Sollerman and Sperling 52 developed 
a code System that classifies hand grips according to the 
participation of the various parts of the hand, the posi- 
tioning of the fingers and the joints, the contact surfaces, 
and the relationship between the longitudinal axis of the 
object and the hand. The postural details described in 
both studies illustrate the immense variety of ways that 
one can grasp an object and the concomitant muscle 
activity that may exist in these postures. 



Figure 5-194 Power grip without the involvement of the thumb. 




Figure 5-193 Power grip: static grip phase. 


Figure 5-195 Power grip with the thumb contributing to the grip. 
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Long and associâtes 46 présent electromyographic data 
of intrinsic-extrinsic muscle activity involved in five clas¬ 
sifications of power grip: simple squeeze, hammer 
squeeze, screwdriver squeeze, dise grip, and spherical 
grip. The following summary of their findings provides 
insight into the muscle activity patterns involved in the 
static grip phase of hand posture. 

The extrinsic finger flexors provide the major gripping 
force. Flexor digitorum profundus and superficialis both 
contribute to power grip with superficialis increasing its 
participation as force requirements increase. The major 
intrinsic participation is provided through the interossei. 
They abduct or adduct the proximal phalanx to align the 
fingers with the object so that the extrinsic flexors can pro¬ 
vide the gripping power. The interossei also provide grip¬ 
ping power as they flex the metacarpophalangeal joints. 

When the thumb is adducted and flexed in power 
grip, the muscle power is provided through the isométrie 
contraction of adductor pollicis 44 " 46,53 and flexor pollicis 
longus. 44,45 Flexor pollicis brevis contributes to the stabil- 
ity required in a firm grasp. 44,53 


Précision Grip and 
Précision Handling 

Three common phases can be identified for précision grip 
and handling: opening the hand, positioning the fingers 
and thumb, and approaching the fingers and thumb to 
the object. The last phase in précision grip is static grip. 
The last phase in précision handling is manipulation of 
the object. 

Opening Phase (Fig- 5-196) 

The amount of opening and number of fingers involved 
varies with the shape and purpose of the object. The wrist 
position also varies with the purpose of the object or task 
to be performed and location of the object. The elected 
opening posture is that which positions the wrist, fingers, 



Figure 5-196 Précision grip or handling: opening phase and finger 
and thumb positioning phase. 



Figure 5-197 Précision grip or handling: approach phase. 


and thumb for the subséquent function of stabilization or 
manipulation. Because of the infinité number of ways that 
an object can be stabilized or manipulated, the range of 
movement and muscle activity is more variable than power 
grip. The same pattern of movement is évident but as more 
précision is demanded, finer motor control is required. 

Finger and Thumb Positioning 
Phase (see Fig- 5-196) 

As indicated in power grip, adjustment of the fingers and 
thumb to the object occurs concurrently with the open¬ 
ing phase with many positions possible through the 
positioning of the MCP and IP joints. However, in préci¬ 
sion grip or handling the thumb is always involved and 
is positioned to achieve opposition to bring it into pad- 
to-pad contact with the finger or fingers. 

Approach Phase (Fig, 5-197) 

The movement pattern and muscular requirements of the 
wrist are similar to power grip. The wrist can either move 
into extension while the MCP joints flex or remain in 
flexion with the MCP joints flexing. The MCP joints of 
the index, middle, and ring fingers usually flex in préci¬ 
sion grip and précision handling. The MCP joint of the 
little finger may be flexed or extended. The position is 
influenced by its function. When the little finger is 
involved in compression on the object or against the 
other fingers, it will be flexed. When an object is being 
pinched or manipulated with the other three fingers, the 
little finger may be extended to provide tactile input to 
the hand or to contribute to stabilization of the hand on 
a working surface. There is no déviation at the wrist. 40 In 
addition to finger MCP flexion, there is abduction or 
adduction of one or more fingers. The PIP joint (s) of the 
finger(s) flex or extend. 54 Although IP flexion is required 
for subséquent manipulation, flexion or extension may 
be required in précision grip. The DIP joints may be 
flexed or extended. As in power grip, the integrity of the 
flexor digitorum profundus is critical to approaching an 
object in a flexion pattern. Lumbrical activity is a prereq- 
uisite to the initiation of an extension approach. 55 
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Figure 5-198 Précision grip: static grip phase. 


The approach of the thumb incorporâtes the movement 
of opposition as the function of the thumb is to oppose the 
fingers. Opposition is a sequential movement incorporat- 
ing abduction, flexion, and adduction of the first metacar- 
pal, with simultaneous rotation. 10 Thenar muscle control 
occurs through opponens pollicis, flexor pollicis brevis, 
abductor pollicis brevis, and adductor pollicis. 

Précision Grip (Fig- 5-198) 

When the fingers and thumb contact the object, the 
hand grips the object. Précision grip 40 involves stabiliza¬ 
tion of an object between the finger(s) and thumb. The 
function of précision grip is to secure an object so that 
the more proximal limb segments can move the object. 

There are five hand postures that illustrate the charac- 
teristics of précision grip and are used frequently in ADL: 
pulp pinch (Fig. 5-199), tripod pinch (Fig. 5-200), five- 
pulp pinch (Fig. 5-201), latéral pinch (Fig. 5-202), and tip 
pinch (Fig. 5-203). They share the common characteristic 
of pinch between the thumb and one or more fingers. 
Sollerman and Sperling 56 report that of the hand postures 
used in ADL, the first four pinch postures are used 65% of 
the time. The spécifie posture assumed when pinching an 
object is influenced by the purpose of the object. 40,57 Pulp 
pinch and latéral pinch are isolated for analysis of pos¬ 
ture and muscular activity. 

Pulp Pinch (see Figs. 5-199, 5-200, 
and 5-201) 

The object is pinched between the pulp of the thumb and 
the pulp of one or more fingers. The thumb and finger(s) 
are opposed to each other. The most commonly used 
fingers are the index finger and/or middle finger. The 
index finger is of significant value in activities. It is 
strong, can abduct, has relative independence of its mus¬ 
culature, and has proximity to the thumb. 19 The middle 
finger adds an element of strength to précision grip (tri¬ 
pod pinch). The ring and little fingers contribute to five- 
pulp pinch. 

The thumb assumes a position of CM flexion, abduc¬ 
tion, and rotation. The MCP joints and IP joints can be 



Figure 5-199 Pulp pinch. 


flexed or fully extended. The compression force for stabi¬ 
lization of the object is achieved through the muscular 
contraction of opponens pollicis, adductor pollicis, and 
flexor pollicis brevis. 46 The adductor pollicis increases its 
contribution as increased pressure is required. The flexor 
pollicis longus contributes to distal phalanx compression 
when the distal phalanx is flexed. 45,53 

The radial three fingers are normally flexed at the MCP 
joint. The little finger may be flexed or extended. The DIP 
joints of the fingers may be flexed or extended. When 
flexed, the flexor digitorum profundus plays a key rôle in 
the compression. When the distal joint is extended, flexor 
digitorum superficialis is the muscle recruited for mainte- 



Figure 5-200 Tripod pinch. 
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Figure 5-201 Five-pulp pinch. 


nance of position. These extrinsic muscles contribute to 
the power in pinch with assistance being provided by the 
first palmar and dorsal interosseous and first lumbrica- 
lis. 46 It has been suggested by Maier and colleagues 58 that 
the intrinsic muscles may even play a primary rôle in pro¬ 
duction of low isométrie forces in précision grip. 

Latéral Pinch (see Fig. 5-202) 

The différence between this form of pinch and pulp 
pinch is that the thumb pulp stabilizes an object against 
the side of the index finger with counterpressure being 
provided by the index finger. The thumb is more 
adducted and not as rotated. The muscle activity is the 
same as pulp pinch except that the palmar interosseous 
and lumbricalis reduce their activity and the first dorsal 
interosseous is very active in providing index finger 
abduction force to stabilize the object. 46 The index finger 




Figure 5-203 Tip pinch of a needle with précision handling of the 
thread. 


is flexed at the MCP joint and may be flexed or extended 
at the PIP and DIP joints. 54 Although flexion of the prox¬ 
imal phalanx is the most commonly used posture, exten¬ 
sion may be the desired posture in précision grip of 
objects with fiat surfaces such as a plate, book, or maga¬ 
zine. The lumbricales and dorsal interosseous muscles are 
active in the extension posture. 54 

Précision Handling (see Fig. 5-203) 

This term refers to manipulation of an object using the 
fingers and thumb. 41 The dominant characteristic in pré¬ 
cision handling is manipulation through concentric 
muscle contraction. The static phase is very brief and 
pressure applied to the object is light. In most daily 
activities, the wrist usually assumes a position of exten¬ 
sion for the purposes of stabilization of the hand and 
flexion of the distal joints. However, in the performance 
of périnéal hygiene activities and dressing activities at the 
back, the wrist assumes a flexed posture. The finger and 
thumb position is partly determined by the size and 
shape of the object but the major déterminant is that the 
object requires a change in position. 46 

Long and associâtes 46 describe two types of manipula¬ 
tion that characterize précision handling with involve- 
ment of the thumb and radial two fingers: translation 
and rotation. In translation, the object is pushed away 
from or returned to the palm by the fingertips. There is a 
handling phase and return phase for each motion 
sequence. Translation toward the palm involves the 
motion sequences of flexion at the MCP and IP joints 
(handling phase) and extension of the IP joints (return 
phase). Translation toward the palm is under the control 
of the extrinsic flexors and interossei in the handling 
phase and lumbricales in the return phase. Translation 
away from the palm involves the motion sequences of 
flexion at the MCP joints with extension of the IP joints 
(handling phase) and flexion at the MCP and IP joints 


Figure 5-202 Latéral pinch. 
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(return phase). The interossei and lumbrical muscles are 
dominant in translation away from the palm. 

In rotation, the object is rotated in a clockwise or 
counter-clockwise direction. The rotation of the object is 
accomplished through the interossei muscles as they 
abduct and adduct. The lumbrical muscles function to 
extend the IP joints and are active in both rotations. 

During précision handling, the thenar triad of flexor 
pollicis brevis, opponens pollicis, and abductor pollicis 
brevis are active. Adductor pollicis only becomes active 
when force is required against the index finger. 

Précision handling usually involves the radial two fin¬ 
ger s and thumb. However, the remaining two finger s may 
be involved in manipulation or stabilization. The hypo- 
thenar muscles are active when the little finger is flexed 
and abducted through the activity of abductor digit min- 
imi, opponens digiti minimi, and flexor digiti minimi. 53 
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Chapter 





Articulations and 
Movements 


The hip joint is a ball-and-socket joint (Fig. 6-1) formed 
proximally by the cup-shaped, concave surface of the 
pelvic acetabulum and distally by the ball-shaped, con- 
vex head of the fémur. Movements at the hip joint 


include flexion, extension, abduction, adduction, and 
internai and external rotation. 

From the anatomical position, the hip joint may be 
flexed and extended in the sagittal plane, with move- 
ment occurring around a frontal axis, and abducted and 
adducted in the frontal plane about a sagittal axis (Fig. 
6-2). With the hip positioned in 90° of flexion, hip inter¬ 
nai and external rotation occurs in the frontal plane 
about a sagittal axis (Fig. 6-3). Hip rotation can also be 



Figure 6-1 Hip joint: the convex head of the fémur articulâtes with the 
concave surface of the acetabulum. 
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performed in the anatomical position, with movement 
occurring in the transverse plane about a longitudinal 
(vertical) axis. 

Movements at the hip joint can resuit from movement of 
the fémur on the pelvis, pelvis on the fémur, or movement 
of the fémur and pelvis. Hip joint range of motion (ROM) 
and muscle strength assessment techniques are performed 


by moving the fémur on the fixed pelvis. Motions occurring 
at the more central joints can augment movement at the hip 
joint. Therefore, when assessing hip ROM and muscle 
strength, the pelvis is stabilized to avoid lumbo-pelvic move¬ 
ment that would augment hip movement and give the 
appearance of greater hip ROM than is actually présent. The 
movements of the hip joint are described in Table 6-1. 


TABLE 6-1 Joint Structure: Hip Movements 


Articulation 1,2 

Plane 

Axis 


Flexion 

Hip 

Sagittal 

Frontal 


Extension 

Hip 

Sagittal 

Frontal 


Abduction 

Hip 

Frontal 

Sagittal 


Adduction 


Internai 

Rotation 


Sagittal 


Normal limiting 
factors 1,3 " 6 * 

(see Fig. 
6-4A and B) 


Normal end 
feel 3 ' 7 

Normal 

AROM 8t 

(AROM 9 ) 

Capsular 

pattern 7,10 


Soft tissue 
apposition 
of the 
anterior 
thigh and 
the 

abdomen 
(knee is 
flexed); 
tension in 
the 

posterior 
hip joint 
capsule 
and 

gluteus 

maximus 


Soft/fi rm 


0 - 120 ° 

( 0 - 120 °) 


Tension in the 
anterior joint 
capsule, the 
iliofemoral, 
ischiofemoral, 
and 

pubofemoral 
ligaments and 
iliopsoas 


Tension in the 
pubofemoral 
and 

ischiofemoral 
ligaments, 
the inferior 
band of the 
iliofemoral 
ligament, the 
inferior joint 
capsule, and 
hip adductor 
muscles 


Firm 


0-45° 

(0-40° to 45°) 


Hip 

Frontal 


Soft tissue 
apposition of 
the thighs 

With the 
contralatéral 
leg in 

abduction or 
flexion; 
tension in the 
iliotibial 
band,the 
superior joint 
capsule, 
superior 
band of the 
iliofemoral 
ligament, the 
ischiofemoral 
ligament, 
and hip 
abductor 
muscles 

Soft/fi rm 


0-30° 

(0-25° to 30°) 


Hip 

Horizontal 

Longitudinal 

Tension in the 
ischiofemoral 
ligament, the 
posterior 
joint capsule, 
and the 
external 
rotator 
muscles 


Firm 


0-45° 

(0-35° to 40°) 


External 

Rotation 

Hip 

Horizontal 

Longitudinal 

Tension in the 
iliofemoral 
and 

pubofemoral 

ligaments, 

the anterior 

joint 

capsule, 

and the 

médial 

rotator 

muscles 


Firm 


0-45° 

(0-35° to 40°) 


Firm 

0-30° 

( 0 - 20 °) 

The order of restriction may vary: flexion, abduction, and internai rotation 


*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint range of motion. The NLF and end feels listed here 
are based on a knowledge of anatomy, clinical expérience, and available references. 

*AROM, active range of motion. 

Note: Normal hip extension range of motion (ROM) varies between sources, ranging from 10° to 30 0 . 4 ’ 8 ’ 9 ’ 11 - 13 
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Figure 6-2 Hip joint axes: (1) abduction-adduction and (2) flexion- 
extension. 



Figure 6-3 Hip joint axis: (3) internal-external rotation. 




Figure 6-4 Normal Limiting Factors. A. Postérolatéral view of the hip joint showing noncontractile structures that normally limit 
motion. B. Antérolatéral view of the hip joint showing noncontractile structures that normally limit motion. *Motion limited by structure is 
identified in brackets, using the following abbreviations: F, flexion; E, extension; Abd, abduction; Add, adduction; ER, external rotation; 
IR, internai rotation. Muscles normally limiting motion are not illustrated. 
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SURFACE ANATOMY (Figs. 6-5 through 6-9) 


Structure 


Location 


1. Iliac crest 


2. Anterior superior iliac spine 
(ASIS) 

3. Tubercle of the ilium 

4. Posterior superior iliac spine 
(PSIS) 


5. Ischial tuberosity 


6. Greater trochanter 


7. Adductor tubercle 

8. Latéral épicondyle of 
the fémur 

9. Patella 

10 . Anterior border of the tibia 


A convex bony ridge on the upper border of the ilium; the top of the iliac crest is level 
with the space between the spinous processes of L4 and L5. 

Round bony prominence at the anterior end of the iliac crest. 

Approximately 5 cm above and latéral to the ASIS along the latéral lip of the iliac crest. 

Round bony prominence at the posterior end of the iliac crest, felt subcutaneously at 
the bottom of the dimples on the proximal aspect of the buttocks; the spines are at 
the level of the spinous process of S2. 

With the hip passively flexed, this bony prominence is latéral to the midline of the body 
and just proximal to the gluteal fold (the deep transverse groove between the 
buttock and the posterior aspect of the thigh). 

With the tip of the thumb on the latéral aspect of the iliac crest, the tip of the third digit 
placed distally on the latéral aspect of the thigh locates the upper border of the 
greater trochanter. 

Médial projection at the distal end of the fémur at the proximal aspect of the médial 
épicondyle. 

Small bony prominence on the latéral condyle of the fémur. 

Large triangular sesamoid bone on the anterior aspect of the knee. The base is 
proximal and the apex distal. 

Subcutaneous bony ridge along the anterior aspect of the leg. 
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Figure 6-5 Latéral aspect of the trunk and Figure 6-6 Posterior aspect of the trunk Figure 6-7 Anterior aspect of the trunk 

thigh. and thigh. and thigh. 



Figure 6-9 Bony anatomy, anterior aspect 
of the pelvis, thigh, and knee. 
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Range of Motion 
Assessment and 
Measurement 


Practice Makes Perfect 

To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


General Scan: Lower 
Extremity Active 
Range of Motion 

Active range of motion (AROM) of the lower extremity 
joints is scanned with the patient either non-weight- 
bearing or weight-bearing, as follows: 

Non-Weight-Bearing 

1. The patient is in the supine position with the legs in 
the anatomical position. In supine-lying position, the 
patient extends the toes, dorsiflexes the ankle, and 
brings the heel toward the contralatéral hip (Fig. 
6-10A). The therapist observes the AROM of hip flex¬ 
ion, abduction, external rotation, knee flexion, ankle 




Figure 6-10 A. Non-weight-bearing scan: AROM of lower 
extremity. B. Non-weight-bearing scan: AROM of lower extremity. 
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dorsiflexion, and toe extension. As the patient 
attempts to touch the contralatéral hip, the level 
reached by the heel may be used as a guide of AROM 
of the hip and knee joints. 

2. The patient flexes the toes, plantarflexes the ankle, 
extends the knee, and adducts, internally rotâtes, and 
extends the hip to move the great toe toward the 
corner on the other side of the plinth (Fig. 6-10B). The 
therapist observes the AROM of hip adduction, inter¬ 
nai rotation, knee extension, ankle plantarflexion, 
and toe flexion. 


Weight-Bearing 

1. The patient squats (Fig. 6-11 A). The therapist observes 
bilateral hip flexion, knee flexion, ankle dorsiflexion, 
and toe extension ROM. 

2. Standing, the patient rises onto the toes (Fig. 6-1 IB). 
The therapist observes hip extension, knee extension, 
ankle plantarflexion, and toe extension ROM 
bilaterally. 



Figure 6-11 A. Weight-bearing scan: AROM of lower extremity. B. Weight-bearing scan: 
AROM of lower extremity. 
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Figure 6-12 Start position: hip flexion. 



Figure 6-13 Soft or firm end feel at limit of hip flexion. 


Hip Flexion 

AROM Assessment 

Substitute Movement. Posterior pelvic tilt and flexion of 
the lumbar spine. 

PROM Assessment 

Start Position. The patient is supine. The hip and 
v£/ knee on the test side are in the anatomical position 
Form (Fig- 6-12). The pelvis is in the neutral position; 
6-1 that is, the ASISs and the symphysis pubis are in the 
same frontal plane and the right and left ASISs are in the 
same transverse plane. 11,14 

Stabilization. The therapist stabilizes the ipsilateral pelvis 
at the ASIS and iliac crest to maintain a neutral position. 
The trunk is stabilized through body positioning. 

Therapist’s Distal Hand Placement. The therapist raises the 
lower extremity off the plinth and grasps the posterior 
aspect of the distal fémur. 

End Position. While maintaining pelvic stabilization, the 
therapist moves the fémur anteriorly to the limit of hip 
flexion (Fig. 6-13). The knee is allowed to flex to prevent 
the two-joint hamstring muscles from limiting hip flex¬ 
ion ROM. 

End Feel. Hip flexion—soft/firm. 

Joint Spin. 6 Hip flexion—the convex fémoral head spins 
in the fixed concave acetabulum. 
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Measurement: Universal Goniometer 

Start Position. The patient is supine. The hip and knee on 
the test side are in the anatomical position (Fig. 6-14). 
The pelvis is in the neutral position. 

Stabilization. The trunk is stabilized through body posi- 
tioning and the therapist stabilizes the ipsilateral pelvis. 

Goniometer Axis. The axis is placed over the greater tro¬ 
chanter of the fémur (Fig. 6-15). 



Stationary Arm. Parallel to the midaxillary line of the 
trunk. 

Movable Arm. Parallel to the longitudinal axis of the 
fémur, pointing toward the latéral épicondyle. 

End Position. The hip is moved to the limit of hip flexion 
(120°) (Fig. 6-16). The knee is allowed to flex to prevent 
hamstring muscles from limiting hip flexion ROM. 




Figure 6-16 End position: hip flexion. 
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Hip Extension 

AROM Assessment 

Substitute Movement. Anterior pelvic tilt and extension of 
the lumbar spine. 

PROM Assessment 

Start Position. The patient is prone. Both hips and 
V*/ knees are in the anatomical position. The feet are 

Form over the end of the plinth (Fig. 6-17). 

6-2 

Stabilization. The therapist stabilizes the pelvis. 

Therapist’s Distal Hand Placement. The therapist grasps 
the anterior aspect of the distal fémur. 

End Position. The therapist moves the fémur posteriorly 
to the limit of hip extension (Fig. 6-18). 

End Feel. Hip extension—firm. 

Joint Spin. 6 Hip extension—the convex fémoral head 
spins in the fixed concave acetabulum. 




Figure 6-19 Start position: hip extension. 


Measurement: Universal Goniometer 

Start Position. The patient is prone. The hips and knees 
are in the anatomical position. The feet are over the end 
of the plinth (Fig. 6-19). 

Stabilization. The pelvis is stabilized through strapping. 
Alternatively, a second therapist may assist to manually 
stabilize the pelvis. 

Goniometer Axis. The axis is placed over the greater tro¬ 
chanter of the fémur. 

Stationary Arm. Parallel to the midaxillary line of the 
trunk. 

Movable Arm. Parallel to the longitudinal axis of the 
fémur, pointing toward the latéral épicondyle. 

End Position. The patient's knee is maintained in exten¬ 
sion to place the rectus femoris on slack. The hip is 
moved to the limit of hip extension (30°) (Fig. 6-20). 



Figure 6-18 Firm end feel at limit of hip extension. 
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Hip Abduction 

AROM Assessment 

Substitute Movement. External rotation and flexion of the 
hip, hiking of the ipsilateral pelvis. 

PROM Assessment 

Start Position. The patient is supine; the pelvis is 
level and the lower extremities are in the anatomi- 

Form cal position (Fig. 6-21). 

6-3 

Stabilization. The therapist stabilizes the ipsilateral pelvis. 
If additional stabilization of the trunk and pelvis is 
required, the contralatéral lower extremity may be 


positioned in hip abduction with the knee flexed over 
the edge of the plinth and the foot supported on a stool 
(see Fig. 6-26). 

Therapist’s Distal Hand Placement. The therapist grasps 
the médial aspect of the distal fémur. 

End Position. The therapist moves the fémur to the limit 
of hip abduction motion (Fig. 6-22). 

End Feel. Hip abduction—firm. 

Joint Glide. Hip abduction—the convex fémoral head 
glides inferiorly on the fixed concave acetabulum. 




Figure 6-21 Start position for hip abduction. 



Figure 6-22 Firm end feel at the limit of hip abduction. 
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Figure 6-23 A. Start position: hip abduction. B. Goniometer 
alignaient. 



Figure 6-24 Goniometer alignment: hip abduction and adduction. 


Measurement: Universal Goniometer 

Start Position. The patient is supine with the lower 
extremities in the anatomical position (Fig. 6-23A). 
Ensure the pelvis is level. 

Stabilization. The therapist stabilizes the ipsilateral pelvis. If 
additional stabilization of the trunk and pelvis is required, 
the contralatéral lower extremity may be positioned in hip 
abduction with the knee flexed over the edge of the plinth 
and the foot supported on a stool (see Fig. 6-26). 

Goniometer Axis. The axis is placed over the ASIS on the 
side being measured (Figs. 6-23B and 6-24). 

Stationary Arm. Along a line that joins the two ASISs. 

Movable Arm. Parallel to the longitudinal axis of the 
fémur, pointing toward the midline of the patella. In the 
start position described, the goniometer will indicate 90°. 
This is recorded as 0°. For example, if the goniometer 
reads 90° at the start position for hip abduction and 60° 
at the end position, hip abduction PROM would be 30°. 

End Position. The hip is moved to the limit of hip abduc¬ 
tion (45°) (Fig. 6-25). 




Figure 6-25 A. End position: hip abduction. B. Goniometer 
alignment. 


































CHAPTER 6 Hip 


273 


Hip Adduction 

AROM Assessment 

Substitute Movement. Hip internai rotation, hiking of the 
contralatéral pelvis. 

PROM Assessment 

Start Position. The patient is supine, the pelvis is 
level, and the lower extremity is in the anatomical 
Form position. The hip on the nontest side is abducted to 
6-4 allow full ROM in adduction on the test side. The 
abducted nontest limb may remain on the plinth or the 
knee may be flexed over the edge of the plinth with the 
foot supported on a stool (Fig. 6-26). 

Stabilization. The therapist stabilizes the ipsilateral pelvis. 

Therapist’s Distal Hand Placement. The therapist grasps 
the distal fémur. 

End Position. The therapist moves the fémur to the limit 
of hip adduction ROM (Fig. 6-27). 

End Feel. Hip adduction—soft/firm. 

Joint Glide. Hip adduction—the convex fémoral head 
glides superiorly on the fixed concave acetabulum. 

Measurement: Universal Goniometer 

Start Position. The patient is supine with the lower 
extremity in the anatomical position. The hip on the 
nontest side is abducted to allow full range of hip adduc¬ 
tion on the test side. The pelvis is level. 

Stabilization. The therapist stabilizes the ipsilateral pelvis. 

Goniometer Axis. The axis is placed over the ASIS on the 
side being measured. The goniometer is aligned the same 
as for hip abduction ROM measurement (see Fig. 6-24). 

Stationary Arm. Along a line that joins the two ASISs. 

Movable Arm. Parallel to the longitudinal axis of the 
fémur, pointing toward the midline of the patella. In the 
start position described, the goniometer will indicate 90°. 
This is recorded as 0°. For example, if the goniometer 
reads 90° at the start position for hip adduction and 105° 
at the end position, hip adduction PROM would be 15°. 

End Position. The hip is moved to the limit of hip adduc¬ 
tion (30°) (Fig. 6-28). 



Figure 6-26 Start position: hip adduction. 



Figure 6-27 Soft or firm end feel at limit of hip adduction. 



Figure 6-28 End position: universal goniometer measurement for 
hip adduction. 
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Figure 6-29 Start position: hip internai and external rotation. 


Hip Internai and External 
Rotation 

AROM Assessment 

Substitute Movement. Latéral tilting of the pelvis. In sit- 
ting, the patient shifts body weight to raise the pelvis and 
lift the buttocks off the sitting surface. 

PROM Assessment 

Start Position. The patient is sitting or supine with 
the hip and knee flexed to 90° (Fig. 6-29). 

Form 

6-5, 6-6 Stabilization. The pelvis is stabilized through body 
positioning. The therapist maintains the position of the 
fémur, without restricting movement. 

Therapist’s Distal Hand Placement. The therapist grasps 
the distal tibia and fibula. 




Figure 6-30 Firm end feel at the limit of hip internai rotation. 


End Position. The therapist moves the tibia and fibula in 
a latéral direction to the limit of hip internai rotation 
(Fig. 6-30) and in a médial direction to the limit of hip 
external rotation (Fig. 6-31). The stresses on the knee 
joint should be considered and caution exercised. 

End Feels. Hip internai rotation — firm; hip external rotation — 
firm. 

Joint Glides. Hip internai rotation — the convex fémoral 
head glides on the fixed concave acetabulum in a poste- 
rior direction with the hip in anatomical position, and in 
an inferior direction with the hip in a position of 90° 
flexion. 

Hip external rotation —the convex fémoral head glides 
on the fixed concave acetabulum in an anterior direction 
with the hip in anatomical position, and in a superior 
direction with the hip in a position of 90° flexion. 



Figure 6-31 Firm end feel at the limit of hip external rotation. 
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Measurement: Universal Goniometer 

Start Position. The patient is sitting. In sitting, the hip 
being measured is in 90° of flexion and neutral rotation 
with the knee flexed to 90°. A pad is placed under the 
distal thigh to keep the thigh in a horizontal position. 
The contralatéral hip is abducted and the foot is sup- 
ported on a stool (Fig. 6-32). 

Alternate Starting Positions 

• Supine with the lower extremities in anatomical posi¬ 
tion, 

• Supine with the hip and knee flexed to 90° (see Fig. 
6-29), 

• Sit-lying (i.e., supine with the knees flexed 90° over the 
end of the plinth), and 

• Prone with the knee flexed 90° (see Fig. 6-37). 

Hip rotation PROM is greater when measured with the 
patient prone than sitting. 15 To accurately evaluate 
patient progress, the position used to measure hip rota¬ 
tion PROM should be charted, 15 and the same position 
used on subséquent measurement. 

Stabilization. The pelvis is stabilized through body posi- 
tioning. The therapist maintains the position of the 


fémur without restricting movement. In sitting, the 
patient grasps the edge of the plinth. In prone, the pelvis 
is stabilized through strapping (Fig. 6-37). 

Goniometer Axis. The axis is placed over the midpoint of 
the patella (Figs. 6-33 and 6-34). 

Stationary Arm. Perpendicular to the floor. 

Movable Arm. Parallel to the anterior midline of the tibia. 

End Positions. Internai rotation (Figs. 6-34 and 6-35): The 
hip is moved to the limit of hip internai rotation (45°) as 
the leg and foot move in a latéral direction. 

External rotation (Figs. 6-36 and 6-37): The hip is 
moved to the limit of hip external rotation (45°) as the 
leg and foot move in a médial direction. 

Hip rotation PROM measurements may not accurately 
reflect hip rotation ROM if the measurement technique is 
influenced by mobility at the knee joint. Harris-Hayes 
and colleagues 16 measured hip rotation PROM in prone 
with the knee flexed 90°, with and without the tibiofemo- 
ral joint stabilized. The researchers found a clinically rel¬ 
evant increase in hip rotation PROM in women (not 
men), attributed to motion at the knee joint. 




Figure 6-32 Start position: hip internai and external rotation. 


Figure 6-33 Start position: goniometer placement for hip internai 
and external rotation. 
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Figure 6-34 Goniometer alignment: hip internai 
rotation and external rotation. Illustrated with the 
hip in internai rotation. 



Figure 6-35 End position: internai rotation. 




Figure 6-36 End position: external rotation. 


Figure 6-37 Alternate test position: prone with the knee 
flexed 90° and the hip in external rotation. 
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Measurement: OB Goniometer 

The procedure for measurement of hip internai and exter- 
nal rotation PROM is the same as described for 
Measurement: Universal Goniometer, except for the 
placement and use of the OB Goniometer. 


OB Goniometer Placement. The strap is placed around the 
lower leg proximal to the ankle. The dial is placed on the 
anterior aspect of the lower leg (Figs. 6-38, 6-39, and 
6-40). 



' t J 


Figure 6-38 Start position: OB goniometer measurement hip 
rotation. 



Figure 6-39 Internai rotation. 



Figure 6-40 External rotation. 
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Muscle Length Assessment 

AND MEASUREMENT 


Practice Makes Perfect 

To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


Hamstrings (Semitendinosus, 
Semimembranous, 

Biceps Femoris) 


Origins 2 

Insertions 2 

Semitendinosus 

Inferomedial impression 
on the superior aspect of 
the ischial tuberosity 

Proximal part of the 
médial surface of the 
tibia. 

Semimembranosus 

Superolateral aspect of 
the ischial tuberosity 

Tubercle on the posterior 
aspect of the médial 
tibial condyle. 

Biceps 

Femoris 

a. Long head: 

inferomedial impression 
of the superior aspect 
of the ischial tuberosity; 
lower portion of the 
sacrotuberous ligament 

Head of the fibula; slip 
to the latéral condyle of 
the tibia; slip to the 
latéral collateral 
ligament. 

b. Short head: latéral lip 
of the linea aspera and 
latéral supracondylar 
line 



Stabilization. It is difficult to stabilize the pelvis when 
performing PSLR, and pelvic rotation is not eliminated 
from the movement. 18 However, the therapist must 
ensure that excessive anterior or posterior pelvic tilt is 
avoided through use of a précisé start position, adéquate 
stabilization, and observation of pelvic motion. To stabi¬ 
lize the pelvis, the patient's nontest thigh is held on the 
plinth with the use of a strap (Fig. 6-41), or the therapist's 
knee is placed over the distal aspect of the anterior sur¬ 
face of the patient's nontest thigh (not shown). 

End Position. The hip is flexed to the limit of motion 
while maintaining knee extension so that the biceps 
femoris, semitendinosus, and semimembranosus are put 
on full stretch (Figs. 6-42 and 6-43). The ankle is relaxed 
in plantarflexion during the test. 

End Feel. Hamstrings on stretch—firm. 

Measurement. The therapist uses a goniometer to measure 
and record the available hip flexion PROM (Figs. 6-42, 
6-43, and 6-44). 

Universal Goniometer Placement. The goniometer is 
placed the same as for hip flexion. A second therapist 
may assist to align and read the goniometer. Normal 
ROM and hamstring length is about 80° hip flexion. 11 
Youdas and colleagues 19 assessed the PSLR ROM of 214 
men and women, aged 20 to 79 years, and reported mean 
hip flexion PROM of 76° for women and 69° for men. 
When interpreting test results, consider that changes in 
PSLR might also resuit from changes in the degree of pel¬ 
vic rotation. 20 

OB Goniometer Placement. This measurement procedure 
allows the therapist to easily assess PSLR ROM without 
assistance. The strap is placed around the distal thigh and 
the dial is placed on the latéral aspect of the thigh (Fig. 
6-45). 

Alternate Positions—Passive Knee 
Extension (PKE) and Sitting 

These alternate techniques used to evaluate hamstring 
muscle length are described in Chapter 7. 



Passive Straight Leg Raise (PSLR) 


Start Position. The patient is supine with the lower 
extremities in the anatomical position (Fig. 6-41). 
The low back and sacrum should be fiat on the 
plinth. 11 Ankle dorsiflexion limits the ROM of 
SLR, 17 therefore the test is performed with the ankle 
relaxed in plantarflexion. 


Form 

6-7 



Figure 6-41 Start position: length of hamstrings. 
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Figure 6-42 End position: universal 
goniometer measurement of hamstrings 
length. 



Figure 6-43 Hamstring muscles on stretch. 


M 



Figure 6-44 Reading goniometer: 
hamstrings length. 



Figure 6-45 End position: OB goniometer 
measurement of hamstrings length. 
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SECTION II Régional Evaluation Techniques 


Hip Flexors 11 (lliacus, Psoas 
Major, Tensor Fascia Latae, 
Sartorius, Rectus Femoris) 


Origins 2 

Insertions 2 

lliacus 

Superior two-thirds of 
the iliac fossa, inner lip 
of the iliac crest; ventral 
sacroiliac and iliolumbar 
ligaments; and the upper 
surface of the latéral 
aspect of the sacrum. 

Latéral side of the 
tendon of psoas major; 
and into the lesser 
trochanter. 

Psoas 

Major 

Anterior aspects of the 
transverse processes of 
ail of the lumbar 
vertebrae; sides of the 
bodies and intervertébral 
dises of Tl 2 and ail the 
lumbar vertebrae. 

Lesser trochanter of the 
fémur. 

Tensor Fascia Latae 

Anterior aspect of the 
outer lip of the iliac 
crest; outer surface and 
notch below the ASIS; 
and the deep surface of 
the fascia latae. 

Via the iliotibial tract 
onto the latéral condyle 
of the tibia. 

Sartorius 

ASIS and the upper half 
of the notch below it. 

Upper part of the médial 
surface of the tibia 
(anterior to gracilis and 
semitendinosus). 

Rectus 

Femoris 

a. Straight head: 

anterior aspect of the 
anterior inferior iliac 
spine. 

Base of the patella, via 
the quadriceps tendon 
into the tibial tuberosity. 

b. Reflected head: 
groove above the 
acetabulum and the 
capsule of the hip 
joint. 



Thomas Test 

• Start Position. The patient sits at the end of the 
plinth with the edge of the plinth at mid-thigh 
Form level. From this position, the patient is assisted into 
6-8 supine. Using both hands, the patient holds the hip 
of the nontest leg in flexion so that the sacrum and lum- 
bar spine are fiat on the plinth (Fig. 6-46). Care should be 
taken to avoid flexion of the lumbar spine due to exces¬ 
sive hip flexion ROM. 

(Note: In the presence of excessive hip flexor length, 
the patient's hips are positioned at the edge of the plinth 
to allow the full available ROM. 11 ) 

Stabilization. The supine position, and the patient hold¬ 
ing the nontest hip in flexion, stabilizes the pelvis and 
lumbar spine. The therapist observes the ASIS to ensure 
there is no pelvic tilting during the test. 

End Position. The test leg is allowed to fall toward the 
plinth into hip extension (Fig. 6-47). As the test leg falls 
toward the plinth, the therapist ensures: (1) the knee is 
free to move into extension to avoid placing the rectus 
femoris on stretch, and (2) the thigh remains in neutral 
adduction/abduction and rotation. 



Figure 6-46 Start position: length of hip flexors. 



Figure 6-47 End position: thigh touching plinth indicates normal 
length of hip flexors. 
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If the thigh touches the plinth (Fig. 6-47), the hip flex- 
ors, that is, iliopsoas, is considered to be of normal 
length. 11 

If the thigh does not touch the plinth (Fig. 6-48), the 
therapist passively extends the knee and if: 

1. The thigh touches the plinth (Fig. 6-49), shortness of 
rectus femoris restricted the hip extension ROM. 

2. There is no change in the position of the thigh; the 
therapist applies slight overpressure on the anterior 
aspect of the thigh to passively move the fémur poste- 
riorly to the limit of movement (Figs. 6-50 and 6-51). 
The end feel is evaluated to détermine if iliopsoas 
shortness is the cause of the hip extension ROM 
restriction. Note that a flexion deformity at the hip 
can be obscured by an increased lumbar lordosis. 21 

End Feel. Iliacus and psoas major on stretch—firm. 

Measurement. With shortness of the hip flexors, that is, 
iliopsoas, the angle between the midaxillary line of the 
trunk and the longitudinal axis of the fémur represents the 
degree of hip flexion contracture (Figs. 6-50 and 6-51). 

Universal Goniometer Placement. The same as for hip 

flexion-extension with the axis over the greater trochan¬ 
ter of the fémur (Figs. 6-50 and 6-51). 


Figure 6-48 End position: thigh does not touch plinth. 


Figure 6-50 Goniometer measurement: length of shortened hip 
flexors. 


Additional Considérations. If a restriction of hip joint 
extension is présent (i.e., the thigh does not rest on the 
plinth) with the knee joint in extension, shortness of the 
iliopsoas, sartorius, or tensor fascia latae muscles may 
contribute to the limited ROM. The muscle shortness 
causing the restriction can be determined using the fol- 
lowing criteria 11 : 

A. Shortness of the sartorius should be suspected if the 
hip joint assumes a position of external rotation and 
abduction and/or the knee flexes at the restricted limit 
of hip extension. 

B. Shortness of the tensor fascia latae may be suspected if 
the thigh is observed to abduct as the hip joint 
extends. If during testing the thigh is abducted as the 
hip is extended, and this results in increased hip 
extension, there is shortness of the tensor fascia latae. 
Spécifie length testing of tensor fascia latae should be 
performed to confirm this finding. Van Dillen and col- 
leagues 22 suggest that abducting the hip may place the 
anterior fibers of the gluteus médius and minimus on 
slack and thus also contribute to the increase in hip 
extension. If hip abduction makes no différence to the 
restricted hip extension ROM, the iliopsoas muscle is 
shortened and preventing the full movement. 

If the thigh is prevented from abducting during test¬ 
ing, a shortened tensor fascia latae may also produce 
hip internai rotation, latéral déviation of the patella, 
external rotation of the tibia, or knee extension. 
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SECTION II Régional Evaluation Techniques 


Hip Adductors (Adductor 
Longus, Adductor Brevis, 
Adductor Magnus, 

Pectineus, and Gracilis) 

Start Position. The patient is supine with the lower 
extremity in the anatomical position. On the non- 
Form test side, the hip is abducted, the knee is flexed, 
6-9 and the foot rests on a stool beside the plinth 
(Fig. 6-52). 

Stabilization. The therapist stabilizes the ipsilateral pelvis. 

End Position. The hip is abducted to the limit of motion 
so that the hip adductor muscles are put on full stretch 
(Fig. 6-53). 

End Feel. Hip adductors on stretch—firm. 



Figure 6-52 Start position: length of hip adductors. 



Figure 6-53 Hip adductors on stretch. 


Origins 2 

Insertions 2 

Adductor Longus 

Front of the pubis in the 
angle between the crest 
and the symphysis. 

Middle third of the linea 
aspera of the fémur. 

Adductor Brevis 

External surface of the 
inferior pubic ramus 
between gracilis and 
obturator externus. 

Line between lesser 
trochanter and linea 
aspera; upper part of the 
linea aspera. 

Adductor 

' Magnus 

External surface of the 
inferior ramus of the pubis 
adjacent to the ischium; 
the external surface of the 
inferior ramus of the 
ischium; and the 
inferolateral aspect of the 
ischial tuberosity. 

Médial margin of the 
gluteal tuberosity of the 
fémur; médial lip of the 
linea aspera; médial 
supracondylar line; 
adductor tubercle. 

Pectineus 

Pecten pubis between the 
iliopectineal eminence and 
the pubic tubercle. 

Line between the lesser 
trochanter and the linea 
aspera. 

Gracilis 

Lower half of the body of 
the pubis; the inferior 
ramus of the pubis and 
ischium. 

Upper part of the médial 
surface of the tibia 
(between sartorius and 
semitendinosus). 
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Measurement. If the hip adductors are shortened, hip 
abduction PROM will be restricted proportional to the 
decrease in muscle length. The therapist uses a goniom- 
eter to measure and record the available hip abduction 
PROM (Figs. 6-54 and 6-55). 


Universal Goniometer Placement. The goniometer is 
placed the same as for hip abduction (Fig. 6-55). 



Figure 6-54 Goniometer measurement: length of hip adductors. 



Figure 6-55 Hip adductors on stretch. 
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SECTION II Régional Evaluation Techniques 


Tensor Fascia Latae (lliotibial 
Band)—Ober’s Test 23 


Origin 2 

Insertion 2 

Tensor Fascia Latae 

Anterior aspect of the outer 

Via the iliotibial tract 

lip of the iliac crest; the 

onto the antérolatéral 

outer surface and notch 

aspect of the latéral 

below the ASIS; and the 
deep surface of the fascia 
latae. 

condyle of the tibia. 


Start Position. The patient is in the side-lying posi¬ 
tion on the nontest side and holds the nontest leg 

Form in hip and knee flexion to flatten the lumbar spine. 

6-K) xhe therapist stands behind and against the 
patient's pelvis to maintain the side-lying position. The 
hip is positioned in abduction and then extension to 
stretch the iliotibial band over the greater trochanter. The 
hip is in neutral rotation and the knee is positioned in 
90° flexion (Fig. 6-56). 

Stabilization. The position of the nontest leg stabilizes the 
pelvis and lumbar spine; the therapist stabilizes the lat¬ 
éral pelvis at the superior aspect of the iliac crest. 

End Position. The test leg is allowed to fall toward the 
plinth. The therapist may apply slight overpressure on 
the latéral aspect of the thigh to passively adduct the hip 
to the limit of movement (not shown). With shortness of 
the tensor fascia latae, the hip remains abducted (Figs. 
6-57 and 6-58). If the leg cannot be passively adducted to 
the horizontal, there is maximal tightness; if the horizon¬ 
tal position is reached, there is moderate tightness; and if 
the leg falls below horizontal but does not completely 
reach the plinth, there is minimal tightness. 24 

Note that tightness of the tensor fascia latae at the hip 
can be obscured by a downward latéral tilt of the pelvis 
on the test side that may be accompanied by trunk latéral 
flexion on the opposite side. The position of the test leg 
must be carefully maintained in hip extension and neu¬ 
tral or slight external rotation to perform an accurate test 
of tensor fascia latae tightness. 

If the rectus femoris muscle is tight or there is a need 
to decrease stress in the région of the knee, the Ober's Test 
may be modified (Modified Ober's Test) and performed 
with the knee in extension 11 (not shown). Note that the 
degree of hip adduction ROM used to indicate the length 
of tensor fascia latae will be more restricted with the knee 
in flexion (Ober's Test) than with the knee in extension 
(Modified Ober's Test). 25,26 Therefore, these tests should 
not be used interchangeably 26 when assessing tensor fas¬ 
cia latae muscle length. 

End Feel. Tensor fascia latae (iliotibial band) on stretch— 
firm. 


Measurement. If the tensor fascia latae is shortened, hip 
adduction PROM will be restricted proportional to the 
decrease in muscle length. 

Universal Goniometer Placement. The goniometer is 
placed the same as for hip abduction/adduction. A sec¬ 
ond therapist is required to assist with the alignment and 
reading of the goniometer. 



Figure 6-56 Ober’s Test start position: length of tensor fascia 
latae. 



Figure 6-57 Ober’s Test end position: tensor fascia latae on 
stretch. 



Figure 6-58 Ober’s Test: tensor fascia latae on stretch. 
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Alternate Measurement: 

Ober’s Test: Trunk Prone 

Kendall and colleagues 11 describe the "Modifïed 
Ober Test: Trunk Prone" to assess tensor fascia latae 
Form muscle length. This test provides better stabiliza- 
6-11 tion than the Ober's Test. 

Start Position. The patient is standing at the end of the 
plinth and flexes the hips so the trunk is resting on 
the plinth (Fig. 6-59). The nontest leg is placed under the 
plinth with the hip and knee flexed. The patient posi¬ 
tions the arms overhead and grasps the sides of the 
plinth. The therapist supports the test leg and, while 
maintaining the knee in 90° flexion and the hip in neu- 
tral rotation, moves the hip into full abduction, followed 
by full extension to stretch the iliotibial band over the 
greater trochanter. 


Stabilization. The therapist stabilizes the posterior aspect 
of the ipsilateral pelvis to prevent anterior pelvic tilt. It is 
also important the therapist stabilize the latéral aspect of 
the pelvis to prevent élévation of the contralatéral pelvis, 
and downward latéral tilt of the ipsilateral pelvis. The 
patient's arm position aids in preventing latéral pelvic 
tilt. The weight of the trunk offers stabilization. 

End Position. With the hip maintained in full extension 
and neutral rotation, the hip is adducted to the limit of 
motion to place the tensor fascia latae on full stretch (Fig. 
6-60). If the tensor fascia latae is shortened, hip adduc¬ 
tion PROM with the hip in extension, will be restricted 
proportional to the decrease in muscle length. 

End Feel. Tensor fascia latae on stretch—firm. 
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SECTION II Régional Evaluation Techniques 


Muscle Strength 
Assessment (Table 6-2) 



Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


TABLE 6-2 Muscle Actions, Attachments, and Nerve Supply: the Hip 27 


Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

Nerve 

Nerve 

Root 

Psoas major 

Hip flexion 

Anterior aspects of the transverse 
processes of ail of the lumbar 
vertebrae; sides of the bodies 
and intervertébral dises of Tl 2 
and ail of the lumbar vertebrae 

Lesser trochanter of the 
fémur 

Ventral rami 
of the 
lumbar 

L123 

lliacus 

Hip flexion 

Superior two-thirds of the iliac 
fossa, inner lip of the iliac crest; 
the ventral sacroiliac and 
iliolumbar ligaments; and the 
upper surface of the latéral 
aspect of the sacrum 

Latéral side of the 
tendon of psoas 
major; and into the 
lesser trochanter 

Fémoral 

L23 

Sartorius 

Hip flexion, 
abduction, 
and external 
rotation 

Knee flexion 

ASIS and the upper one half of the 
notch below it 

Upper part of the médial 
surface of the tibia 
(anterior to gracilis 
and semitendinosus) 

Fémoral 

L23 

Obturator 

internus 

Hip external 
rotation 

Pelvic surface of the inferior ramus 
of the pubis and ischium and the 
superior ramus of the pubis; the 
pelvic surface of the obturator 
membrane; above and behind 
the obturator foramen, as far as 
the upper part of the greater 
sciatic foramen 

Anterior impression on 
the médial aspect of 
the greater trochanter 
of the fémur, superior 
and anterior to the 
trochanteric fossa 
(after passing through 
the lesser sciatic 
notch) 

Nerve to 
obturator 
internus 

L5S1 

Gemellus 

superior 

Hip external 
rotation 

Dorsal aspect of the spine of the 
ischium 

Médial aspect of the 
greater trochanter 
along with obturator 
internus 

Nerve to 
obturator 
internus 

L5S1 

Gemellus 

inferior 

Hip external 
rotation 

Superior aspect of the tuberosity of 
the ischium 

Médial aspect of the 
greater trochanter 
along with obturator 
internus 

Nerve to 
quadratus 
femoris 

L5S1 

Obturator 
extern us 

Hip external 
rotation 

Superior and inferior pubic ramus 
and the inferior ramus of the 
ischium; médial two-thirds of the 
outer surface of the obturator 
membrane; médial side of the 
obturator foramen 

Trochanteric fossa of 
the greater trochanter 
of the fémur 

Obturator 

L34 

Quadratus 

femoris 

Hip external 
rotation 

Upper portion of the external 
aspect of the ischial tuberosity 

Quadrate tubercle and 
area of bone just 
below it on the fémur 

Nerve to 
quadratus 
femoris 

L5S1 


(continuée!) 
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TABLE 6-2 

Continuée! 





Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

Nerve 

Nerve 

Root 

Pectineus 

Hip adduction 

Pecten pubis between the 
iliopectineal eminence and the 
pubic tubercle 

Line between the lesser 
trochanter and the 
linea aspera 

Fémoral 

L23 

Adductor 

longus 

Hip adduction 

Front of the pubis in the angle 
between the crest and the 
symphysis 

Middle third of the linea 
aspera of the fémur 

Obturator 

L234 

Adductor 

brevis 

Hip adduction 

External surface of the inferior 
pubic ramus between gracilis 
and obturator externus 

Line between lesser 
trochanter and linea 
aspera; upper part of 
linea aspera 

Obturator 

L23 

Gracilis 

Hip adduction 

Lower half of the body of the 
pubis; the inferior ramus of the 
pubis and ischium 

Upper part of the médial 
surface of the tibia 
(between sartorius 
and semitendinosus) 

Obturator 

L23 

Adductor 

magnus 

Hip adduction 

External surface of the inferior 
ramus of the pubis adjacent to 
the ischium; the external surface 
of the inferior ramus of the 
ischium; and the inferolateral 
aspect of the ischial tuberosity 

Médial margin of the 
gluteal tuberosity of 
the fémur; médial lip 
of the linea aspera; 
and the médial 
supracondylar line; 
adductor tubercle 

Obturator, 

Sciatic 

(tibial 

division) 

L234 

Piriformis 

Hip external 
rotation 

Pelvic surface of the sacrum 
between the second to fourth 
sacral foramina, and gluteal 
surface of the ilium adjacent to 
the posterior inferior iliac spine 

Médial aspect of the 
upper border of the 
greater trochanter of 
the fémur (after passing 
through the greater 
sciatic foramina) 

Branches 

from 

L5S12 

Gluteus 

maximus 

Hip extension 

Posterior gluteal line of the ilium 
and the iliac crest above and 
behind the line; aponeurosis of 
the erector spinae; dorsal surface 
of the lower part of the sacrum 
and the side of the coccyx; and 
sacrotuberous ligament 

Iliotibial tract and gluteal 
tuberosity 

Inferior 

gluteal 

L5S12 

Tensor 

fascia 

latae 

Hip flexion, 
abduction, 
and internai 
rotation 
(through the 
iliotibial 
tract—knee 
extension) 

Anterior aspect of the outer lip of 
the iliac crest; the outer surface 
and notch below the ASIS; and 
the deep surface of the fascia 
lata 

Iliotibial tract 

Superior 

gluteal 

L45S1 

Gluteus 

médius 

Hip abduction 
and internai 
rotation 

Outer surface of the ilium between 
the iliac crest and posterior 
gluteal line above and the 
anterior gluteal line below 

Oblique ridge, 
downwards and 
forwards, on the 
latéral surface of the 
greater trochanter 

Superior 

gluteal 

L45S1 

Gluteus 

minimus 

Hip abduction 
and internai 
rotation 

Outer surface of the ilium between 
the anterior and inferior gluteal 
lines and the margin of the 
greater sciatic notch 

Antérolatéral aspect of 
the greater trochanter 

Superior 

gluteal 

L45S1 
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SECTION II Régional Evaluation Techniques 


Hip Flexion 

Agaînst Gravity: lliopsoas 

Accessory muscles: rectus femoris, sartorius, tensor fascia 
latae, and pectineus. 

Start Position. The patient is sitting with the knee flexed 
and foot unsupported. The contralatéral foot is supported 
on a stool (Fig. 6-61). 

Alternate Start Position. The patient is supine. The hip 
and knee are in the anatomical position. The leg not 
being tested is flexed at the hip and knee (Fig. 6-62). In 
this position, gravity assists hip flexion beyond 90°. 
Résistance is added equal to the weight of the limb to 
compensate when assessing a grade 3 (not shown). 

Stabilization. The therapist stabilizes the pelvis by placing 
the hand over the ipsilateral iliac crest. If sitting, the 
patient also grasps the edge of the plinth to stabilize the 
proximal body segments. 


Movement. The patient flexes the hip through full ROM. 
The knee is allowed to flex (Fig. 6-63). In the supine posi¬ 
tion, the hip and knee are flexed (Fig. 6-64). Beyond 90°, 
gravity assists motion and the therapist can add résis¬ 
tance. 

Palpation. Iliacus and psoas major are not easily palpated. 

Substitute Movement. Substitution by the accessory mus¬ 
cles can be observed through additional movement pat¬ 
terns: abduction and external rotation via sartorius; 
abduction and internai rotation via tensor fascia latae. 4 

Résistance Location. Applied over the anterior aspect of 
the thigh proximal to the knee joint (Figs. 6-65, 6-66, and 
6-67). 

Résistance Direction. Hip extension. 



Figure 6-61 Start position: iliopsoas. 


Figure 6-62 Alternate start position: iliopsoas. 
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Figure 6-63 Screen position: iliopsoas. 



Figure 6-65 Résistance: iliopsoas. 



Figure 6-64 Alternate screen position: iliopsoas. 



Figure 6-66 Résistance in alternate test position: iliopsoas. 



Figure 6-67 Iliopsoas. 
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SECTION II Régional Evaluation Techniques 


Gravity Eliminated: lliopsoas 

Start Position. The patient is lying on the nontest side and 
the patient holds the nontest leg in maximal hip and 
knee flexion (Fig. 6-68). The therapist stands behind the 
patient to maintain the side-lying position and supports 
the weight of the lower extremity. The hip is extended 
and the knee is flexed. Knee flexion places the hamstrings 
on slack. 



Figure 6-68 Start position: iliopsoas. 


Stabilization. The position of the nontest leg stabilizes the 
lumbar spine; the therapist stabilizes the pelvis. 

End Position. The patient flexes the hip through full ROM 
(Fig. 6-69). 

Substitute Movement. Hip abduction with hip external or 
internai rotation 4 and posterior pelvic tilt through the 
abdominal muscles. 28 



Figure 6-69 End position: iliopsoas. 
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Hip Flexion, Abduction, 
and External Rotation 
with Knee Flexion 

Against Gravity: Sartorius 

Accessory muscles: iliopsoas, rectus femoris, and 
tensor fascia latae. 

Form 

6-13 Start Position. The patient is supine with both legs 
in the anatomical position (Fig. 6-70). 



Figure 6-70 Start position: sartorius. 



Figure 6-71 Alternate start position: sartorius. 


Alternate Start Position. The patient is sitting with the 
knee flexed and the foot unsupported. The contralatéral 
foot is supported on a stool (Fig. 6-71). 

Stabilization. The weight of the trunk in supine. In sitting, 
the therapist stabilizes the pelvis at the ipsilateral iliac 
crest, and the patient grasps the edge of the plinth. 

Movement. The patient flexes, abducts, and externally 
rotâtes the hip and flexes the knee (Figs. 6-72 and 6-73). 



Figure 6-72 Screen position: sartorius. 



Figure 6-73 Alternate screen position: sartorius. 
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SECTION II Régional Evaluation Techniques 


Palpation. On the anterior aspect of the thigh médial to 
tensor fascia latae. 

Substitute Movement. Iliopsoas and rectus femoris. To 
ensure the correct movement, the heel of the test leg 
should pass just above and parallel to the shin of the 
contralatéral leg. The activity in tensor fascia latae 
decreases when hip flexion is combined with external 
rotation. 29 


Résistance Locations. Applied at the same time: (1) at the 
antérolatéral aspect of the thigh proximal to the knee 
joint, and (2) at the posterior aspect of the lower leg 
proximal to the ankle joint (Figs. 6-74, 6-75 and 6-76). 

Résistance Direction. (1) Hip extension, adduction, and 
internai rotation; (2) knee extension. 




Assisted Against Gravity: Sartorîus 

The test procedure is the same as described for the supine 
against gravity test. Assistance, equal to the weight of the 
limb, is provided throughout range. 


Figure 6-76 Résistance: sartorius alternate position. 
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Hip Extension 

Against Gravity: Gluteus Maximus, 
Biceps Femoris, Semitendinosus, 
and Semimembranosus 

: \ Accessory muscles: adductor magnus, piriformis, 
yU/ and gluteus médius. 

Form 

6-14 Start Position. This position is indicated for 
testing patients with tight hip flexors (Fig. 6-77). 


The patient is standing with the trunk flexed and thorax 
resting on the plinth. The leg not being tested is placed 
under the table so that the hip and knee are flexed. The 
test leg hip is flexed and the knee is extended. 

Alternate Start Position. The patient is prone with the legs 
in the anatomical position and two pillows are placed 
under the pelvis to flex the hips (Fig. 6-78). 

Stabilization. The therapist or a pelvic strap is used to sta- 
bilize the pelvis. The patient grasps the edges of the 
plinth; the weight of the trunk offers stabilization. 




Figure 6-77 Start position: hip extensors. 


Figure 6-79 Screen position: hip extensors. 




Figure 6-78 Alternate start position: hip extensors. 


Figure 6-80 Alternate screen position: hip extensors. 





























294 


SECTION II Régional Evaluation Techniques 


Movement. The patient extends the hip with the knee 
held in extension (Figs. 6-79 and 6-80). The patient is 
instructed to maintain external rotation to gain maxi¬ 
mum contraction of the gluteus maximus. Extending the 
hip with the knee actively flexed places the hamstrings in 
a shortened position and this test position has been advo- 
cated for isolation of gluteus maximus. 4 Although some 
of the efficiency of hamstrings may be decreased when 
the knee is actively maintained in flexion, 5,30 the 




hamstrings are active in maintaining knee flexion and 
cannot be eliminated. 30,31 The therapist can passively 
hold the knee in flexion to isolate the gluteus maximus, 
but it is difficult to maintain the knee position while 
applying pressure to the thigh. 31 

The knee must be held in extension in the presence of 
rectus femoris tightness. 

Palpation. Gluteus maximus: médial to its insertion on 
the gluteal tuberosity or adjacent to its origin from the 
posterior aspect of the ilium (see Fig. 6-85B). 



Substitute Movement. Lumbar spine extension. 

Résistance Location. Applied on the posterior aspect of 
the thigh proximal to the knee joint (Figs. 6-81, 6-82, and 
6-83). 

Résistance Direction. Hip flexion. 


Figure 6-83 Résistance: hip extensors alternate position. 
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Gravity Eliminated: Gluteus Maximus, 
Biceps Femoris, Semitendinosus, and 
Semimembranosus 

Start Position. The patient is lying on the nontest side 
with the hip and the knee flexed (Fig. 6-84). 

Stabilization. The patient holds the nontest leg in maxi¬ 
mal hip and knee flexion to stabilize the trunk and pelvis 
and prevent lumbar spine extension. 



End Position. The patient extends the hip through full 
ROM (Fig. 6-85A). The knee is allowed to extend if tight- 
ness is présent in rectus femoris. 

Substitute Movement. Hip abduction or adduction. 



Figure 6-85 A. End position: hip extensors. B. The therapist is 
palpating the gluteus maximus. 
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Supine Hip Extensor Test 32 

The supine hip extensor test is a reliable and valid 
method to assess hip extensor muscle strength grades 2 
through 5 32 for patients who cannot lie prone. 

Start Position. The patient is supine with heels off the end 
of the plinth and the arms held off the plinth and folded 
across the chest (Fig. 6-86). The therapist cups both hands 
under the heel of the test leg. 

Stabilization. The weight of the trunk. 

Test. The patient is instructed to press the leg into the 
plinth and keep the hip and body rigid as the therapist 
lifts the leg approximately 35 in. (~90 cm) off the plinth. 
The nontest limb may also involuntarily rise off the 
plinth during the test and is not of concern in testing. 

Palpation. In the supine test position, the therapist is not 
able to palpate or observe hip extensor muscle contrac¬ 
tion to assess grades of 1 or 0. 

Grading. Grading is based on the ability of the patient to 
maintain full hip extension, and the résistance to move- 
ment felt by the therapist as the hip flexes. 


Grade 

Description 


As the therapist lifts the leg off the plinth, the 
patient’s: 

5 

Hip position remains in the start position (i.e., hip 
extension)*, and the pelvis and leg rise off the 
plinth as a unit (Fig. 6-87). 

4 

Hip flexes up to about 30° before the patient is 
able to resist further hip flexion and the leg 
and pelvis rise off the plinth as a unit (Fig. 

6-88). 


The patient’s hip flexes to the limit of the SLR as 
the therapist lifts the leg approximately 35 in. 
(~90 cm) off the plinth and the therapist feels: 

3 

Good résistance to the movement with little or 
no pelvic rise off the plinth (Fig. 6-89). 

2 

Minimal résistance (i.e., greater than the weight 
of the leg) to the movement with no pelvic rise 
off the plinth (Fig. 6-89). 


*ln the presence of a hip flexion contracture the start position 
of hip extension cannot be assumed and therefore grade 5 
cannot be assessed using the supine hip extension test. 




Figure 6-87 Grade 5: hip extended, leg and pelvis rise off plinth. 


Figure 6-86 Start position: supine hip extension test. 
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Figure 6-88 Grade 4: hip flexes -30°, leg and pelvis rise off plinth. 



Figure 6-89 Grades 3 or 2: good or minimal résistance felt as hip 
flexes. 
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Hip Abduction 

Against Gravity: Gluteus Médius and 
Gluteus Minimus 

Accessory muscles: tensor fascia latae and gluteus 
maximus (upper fibers). 

Form 

6-15 Start Position. The patient lies on the nontest side 
with the hip and knee maintained in flexion by the 
patient to stabilize the trunk and pelvis (Fig. 6-90). The 
therapist stands behind and against the patienté buttocks 
to maintain the side-lying position. The hip of the leg to 
be tested is slightly extended and in neutral rotation. 

Widler and colleagues 33 assessed the validity and reli- 
ability of assessing unilatéral hip abductor muscle 
strength in the side-lying, supine, and standing positions. 
These researchers 33 found the side-lying position to be 
the most valid and reliable position for assessing hip 
abductor muscle strength. 

Stabilization. The position of the nontest leg offers stabi¬ 
lization; the therapist stabilizes the pelvis by placing the 
hand on the superior aspect of the iliac crest. 



Figure 6-90 Start position: gluteus médius and gluteus minimus. 


Movement. The patient abducts the hip through full 
ROM. The patient is instructed to lead with the heel to 
prevent flexion of the hip (Fig. 6-91). 

Palpation. The gluteus médius is palpated just distal to the 
latéral lip of the iliac crest or proximal to the greater tro¬ 
chanter of the fémur. Gluteus minimus lies deep to gluteus 
médius and is not palpable. 

Substitute Movement. Hip flexion through iliacus and 
psoas major, pelvic élévation through quadratus lumbo- 
rum. The patient may abduct the leg with hip flexion and 
internai rotation through the action of tensor fascia latae. 

Résistance Location. Applied on the latéral aspect of the 
thigh proximal to the knee (Figs. 6-92, 6-93, and 6-94). 

Résistance Direction. Hip adduction. 



Figure 6-91 Screen position: gluteus médius and gluteus 
minimus. 
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Figure 6-92 Résistance: gluteus médius and gluteus Figure 6-93 Gluteus médius, 

minimus. 



Figure 6-94 Gluteus minimus. 
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Gravity Eliminated: Gluteus Médius 
and Gluteus Minimus 

Start Position. The patient is supine with the lower 
extremity in the anatomical position (Fig. 6-95). The 
therapist supports the weight of the limb. 

Stabilization. The therapist stabilizes the pelvis. 


End Position. The patient abducts the hip through full 
ROM (Fig. 6-96). 

Substitute Movement. Hip flexion and pelvic élévation. 



Figure 6-95 Start position: gluteus médius and gluteus minimus. 



Figure 6-96 End position: gluteus médius and gluteus minimus. 
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Hip Abduction and Hip Flexion 

Against Gravity: Tensor Fascia Latae 

# Accessory muscles: gluteus médius and gluteus 
minimus. 

Form 

6-16 Start Position. The patient is lying on the side not 
being tested and supports the nontest leg in maxi¬ 
mal hip and knee flexion (Fig. 6-97). The leg on the test 
side is placed in 10° to 20° of hip flexion and in internai 
rotation. The pelvis is rolled backward and the therapist 
stands behind and against the patient's buttocks to main- 
tain this position in side-lying. The knee is in extension. 

Stabilization. The position of the nontest leg offers stabi¬ 
lization; the therapist stabilizes the pelvis by placing a 
hand on the superior aspect of the iliac crest. 


Movement. The patient abducts the hip through full ROM 
and slightly flexes the hip (Fig. 6-98). 

Palpation. Latéral to the upper portion of sartorius or dis¬ 
tal to the greater trochanter on the iliotibial band. 

Substitute Movement. Quadratus lumborum (pelvic éléva¬ 
tion), iliacus and psoas major (hip flexion), and gluteus 
médius and minimus (hip abduction). 

Résistance Location. Applied on the antérolatéral aspect 
of the thigh proximal to the knee joint (Figs. 6-99 and 
6 - 100 ). 

Résistance Direction. Hip adduction and extension. 




Figure 6-97 Start position: tensor fascia latae. 


Figure 6-98 Screen position: tensor fascia latae. 




Figure 6-99 Résistance: tensor fascia latae. 


Figure 6-100 Tensor fascia latae. 
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Gravity Eliminated: Tensor Fascia Latae 

Start Position. The patient is supine. The therapist sup¬ 
ports the weight of the lower extremity in 10° to 20° of 
hip flexion, internai rotation, and knee extension, and 
maintains the support throughout movement 
(Fig. 6-101). 

Stabilization. The weight of the patient's trunk offers 
stabilization. 


End Position. The patient abducts the hip through full 
ROM and slightly flexes the hip (Fig. 6-102). 

Substitute Movement. Quadratus lumborum, iliacus, psoas 
major, and gluteus médius and minimus. 



Figure 6-101 Start position: tensor fascia latae. 



Figure 6-102 End position: tensor fascia latae. 
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Clinical Test: Weakness of 
Hip Abductor Mechanism 

The hip abductor muscles primarily function to maintain 
a level pelvis during unilatéral stance. 30 Assumption of a 
unilatéral stance occurs in walking when one leg is swing- 
ing forward and the other foot maintains contact with 
the ground. In standing with one foot off the ground, the 
weight of the head, arms, trunk, and ipsilateral limb acts 
to rotate the pelvis in a downward direction on the 
unsupported side. 30 This downward rotation must be bal- 
anced around the fémoral head by contraction of the 
contralatéral hip abductors. 30 In the presence of weakness 
or paralysis of the abductors of the stance leg, the pelvis 
on the contralatéral unsupported side will drop. Weakness 
or paralysis may be clinically detected through the 
Trendelenburg test. 5,21,34 


Trendelenburg Test. The patient is standing on the leg to 
be tested and places the hands lightly on a table to main¬ 
tain balance (not shown). The contralatéral hip and knee 
are flexed so that the foot clears the floor. The therapist 
stands behind the patient and observes the posture of the 
pelvis and trunk. A négative Trendelenburg sign (Fig. 
6-103) indicates no abductor weakness. The PSISs are 
level or slightly inclined toward the unsupported side. A 
positive Trendelenburg sign (Fig. 6-104) indicates abduc¬ 
tor weakness. The PSISs are not level and the pelvis drops 
on the unsupported side. As a compensatory balance 
mechanism for hip abductor weakness, the patient will 
shift the trunk over the involved side stance leg (i.e., the 
side of the weak hip abductors). 



Figure 6-103 Négative Trendelenburg sign. 


Figure 6-104 Positive Trendelenburg sign. 
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Hip Adduction 

Agaînst Gravity: Adductor Longus, 
Adductor Brevis, Adductor Magnus, 
Pectineus, and Gracilis 

Start Position. The patient lies on the test side. The thera- 
pist stands behind and against the patient's but- 
tocks to maintain the side-lying position. The hip 
Form of the nontest leg is abducted about 25° to 30° and 
6-17 held in position by the therapist providing support 
under the médial aspect of the thigh and knee (Fig. 
6-105). Alternatively, the hip adductors may be tested 
with the patient supine, and the therapist offers résis¬ 
tance to hip adduction equal to the weight of the limb to 
resemble the against gravity situation. 

Stabilization. The patient grasps the edge of the plinth. 


Movement. The hip is adducted until the test limb con¬ 
tacts the uppermost limb (Fig. 6-106). The patient is 
instructed not to rotate the limb during the test. 

Palpation. The adductors are palpated as a group on the 
médial and distal aspect of the thigh. 

Résistance Location. Applied on the médial aspect of the 
thigh proximal to the knee joint (Figs. 6-107 and 6-108). 

Résistance Direction. Hip abduction. 

Substitute Movement. Rolling posteriorly out of the side- 
lying position and internally rotating the hip to use the 
hip flexors. Rolling anteriorly out of the side-lying 
position and externally rotating the hip to use the hip 
extensors. 




Figure 6-105 Start position: hip adductors. 


Figure 6-106 Screen position: hip adductors. 




Figure 6-107 Résistance: hip adductors. 


Figure 6-108 Hip adductors. 
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Gravity Eliminated: Adductor Longus, 
Adductor Brevis, Adductor Magnus, 
Pectineus, and Gracilis 

Start Position. The patient is supine. The hip to be tested 
is in about 25° to 30° abduction, neutral rotation, and 
extension (Fig. 6-109). The therapist supports the weight 
of the limb. 



Figure 6-109 Start position: hip adductors. 


Stabilization. The weight of the body with the patient in 
supine and the therapist stabilizes the pelvis. 

End Position. The patient adducts the hip through full 
ROM (Fig. 6-110). 



Figure 6-110 End position: hip adductors. 
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Hip Internai Rotation 


Agaînst Gravity: Gluteus Médius, 
Gluteus Minimus, and Tensor 
Fascîa Latae 



Accessory muscle: adductor longus. 


Form Start Position. The patient is sitting (Fig. 6-111). 

6-18 The hip is in 90° of flexion and neutral rotation. A 
pad is placed under the distal thigh to keep the thigh in 
a horizontal position. The midpoint of the patella is 
aligned with the ASIS. The leg not being tested is 
abducted and the foot is supported on a stool. 


Stabilization. The weight of the trunk provides some sta¬ 
bilization. The patient grasps the edge of the plinth to 
stabilize the pelvis. The therapist places a hand on the 
médial aspect of the distal thigh to prevent adduction of 
the hip. The therapist maintains the position of the 
fémur, without restricting movement. 


Movement. The patient internally rotâtes the hip through 
full ROM (Fig. 6-112). 


Palpation. Refer to previous test descriptions for palpation 
of gluteus médius, gluteus minimus, and tensor fascia 
latae. 

Substitute Movement. Pelvic élévation, contralatéral trunk 
side flexion, and hip adduction. 

Résistance Location. Applied on the latéral aspect of the 
lower leg proximal to the ankle joint (Fig. 6-113). The 
application of résistance stresses the knee joint and cau¬ 
tion should be exercised. 

Résistance Direction. Hip external rotation. 

Alternate Test Position. The patient is in a supine position 
with the hip extended. This position may be indicated 
when knee instability prevents application of résistance 
as described. In a supine position, résistance is applied 
proximal to the knee joint. The force exerted by the inter¬ 
nai rotators is greater in hip flexion than extension. 35 For 
the purpose of interrater reliability, the hip position 
should be recorded. 





Figure 6-111 Start position: internai Figure 6-112 Screen position: hip internai Figure 6-113 Résistance: internai rotators. 

rotators. rotators. 
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Gravity Eliminated: Gluteus Médius, 
Gluteus Minimus, and Tensor 
Fascia Latae 


Start Position. The patient is supine. The therapist sup¬ 
ports the leg in a position of 90° of hip flexion, neutral 
rotation, and knee flexion (Fig. 6-114). 

Stabilization. The patient grasps the edge of the plinth for 
stabilization of the pelvis. 



Figure 6-114 Start position: internai rotators. 


End Position. The patient internally rotâtes the hip 
through full ROM (Fig. 6-115). The therapist's supporting 
hand on the médial aspect of the thigh should allow full 
rotation and prevent hip adduction. The movement is 
repeated and the therapist palpâtes the muscles. 

Substitute Movement. Hip adduction and knee flexion. 



Figure 6-115 End position: internai rotators. 
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Hip External Rotation 

Against Gravity: Piriformis, Obturator 
Externus, Gemellus Superior, 

Quadratus Femoris, Gemellus Inferior, 
and Obturator Internus 

• Accessory muscle: gluteus maximus in hip exten¬ 
sion. 

Form 

6-19 Start Position. The patient is sitting (Fig. 6-116). The 
hip is in 90° of flexion and neutral rotation. A pad 
is placed under the distal thigh to keep the thigh in a 
horizontal position. The midpoint of the patella is 
aligned with the ASIS. With knee instability, the patient 
is in a supine position with the hip extended. 

Stabilization. The weight of the trunk provides some sta¬ 
bilization. The patient grasps the edge of the plinth to 
stabilize the pelvis. The therapist places a hand on the 


antérolatéral aspect of the distal thigh to prevent hip 
abduction and flexion. The therapist maintains the posi¬ 
tion of the fémur, without restricting movement. 

Movement. The patient externally rotâtes the hip through 
full ROM (Fig. 6-117). 

Palpation. The external rotators are too deep to palpate. 

Substitute Movement. Hip flexion and abduction; ipsilat- 
eral trunk side flexion. 

Résistance Location. Applied on the médial aspect of the 
lower leg proximal to the ankle joint (Figs. 6-118 and 
6-119). Application of résistance stresses the knee joint 
and caution should be exercised. The alternate test posi¬ 
tion described for internai rotators may be used in the 
presence of knee instability. 

Résistance Direction. Internai rotation. 




Figure 6-116 Start position: external rotators. 


Figure 6-117 Screen position: external rotators. 
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Gravity Eliminated: Piriformis, 

Obturator Externus, Gemellus Superior, 
Quadratus Femoris, Gemellus Inferior, 
and Obturator Internus 

Start Position. The position is the same as described for 
internai rotation. 

End Position. The patient externally rotâtes the hip 
through full ROM (Fig. 6-120). 



Figure 6-118 Résistance: external rotators. 


Substitute Movement. Hip flexion and abduction and 
knee flexion. 




Figure 6-120 End position: external rotators. 
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Functional Application 


Joint Function 30 

The hip joint transmits forces between the ground and 
the pelvis to support the body weight and acts as a ful- 
crum during single-leg stance. With the foot fixed on the 
ground, hip movement enables the body to be moved 
doser to or farther away from the ground. Hip motion 
brings the foot doser to the trunk and positions the lower 
limb in space. 


Functional Range of Motion 

Common activities of daily living (ADL) can be accom- 
plished in a normal manner with hip ROM of at least 
120° flexion, 20° abduction, and 20° external rotation. 36 
In performing functional activities, hip movements are 
accompanied at various points in the ROM by lumbar- 
pelvic motions. 37 These motions extend the functional 
range capabilities of the hip joint. 


Hip Flexion and Extension 

The normal AROM for hip flexion is 0° to 120° and exten¬ 
sion is 0° to 30°. 8 Full hip flexion and extension ranges of 
motion are required for many ADL. Standing requires 0° 
or slight hip extension. 38 Using electrogoniometric mea- 
sures, it has been found that without using compensatory 
movement patterns at other joints, activities such as 
squatting to pick up an object from the ground, tying a 
shoe lace with the foot on the ground (Fig. 6-121) or with 
the foot across the opposite thigh, and rising from a sit- 
ting position (Fig. 6-122) require an average of 110° to 
120° of hip flexion. 36 

Activities requiring less than 90° of hip flexion include 
kneeling, 39 sitting on the floor cross-legged, 39 sitting in a 
chair of standard height, 36 putting on a pair of trousers 
(Fig. 6-123), and ascending (Fig. 6-124) and descending 
stairs. 36 ' 40 Ascending stairs requires an average of 67° hip 
flexion, descending an average of 36° hip flexion. 36 A 
maximum of about 1° to 2° hip extension may be required 
to ascend and descend stairs. 40 

The range required for sitting is determined by the 
height of the chair. About 84° of hip flexion is required 
for sitting in a standard chair. 36 To sit from standing 
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Figure 6-123 Donning a pair of trousers. 


requires an average of 104° hip flexion; 36 to rise from sit- 
ting requires an average of 98° to 101° hip flexion ROM. 41 
These ranges increase with decreased chair height and 
decrease with increased chair height. 

Hip Abduction and Adduction 

The normal AROM at the hip for abduction is 0° to 45°; 
for adduction, it is 0° to 30°. 8 Most daily functions do not 
require the full ranges of hip abduction and adduction. 

Many ADL can be performed within an arc of 0° to 20° 
of hip abduction. 36 Squatting to pick up an object, and 
sitting with the foot across the opposite thigh (Fig. 6-125) 
are examples of activities performed within this ROM. 
Mounting a men's bicycle (Fig. 6-126) may require the 
full range of hip abduction bilaterally. Positions essential 
in ADL used by Asian and Eastern cultures such as squat¬ 
ting, cross-legged sitting, and kneeling require about 30° 
to 40° hip abduction ROM. 39 ' 42 

Hip adduction in ADL is illustrated when sitting with 
the thighs crossed (Fig. 6-127) and when standing on one 
leg; the leg one stands on adducts as a resuit of the pelvis 
dropping on the contralatéral side. 

Hip Internai and External Rotation 

The AROM of hip internai and external rotation is 0° to 
45° in both directions. 8 The extremes of these rotational 



Figure 6-124 Ascending stairs. 


motions are seldom used in ADL. Ranges of 0° to 20° 
external rotation are required for most ADL. 36 Mounting 
a bicycle (Fig. 6-126), sitting on a chair with the foot 
across the opposite thigh (Fig. 6-125) to tie a shoelace, or 
visually observing the skin on the sole of the foot when 
performing foot hygiene activities illustrate the use of hip 
external rotation. Positions essential in ADL used by 
Asian and Eastern cultures require full hip external rota¬ 
tion ROM for cross-legged sitting on the floor 39,42 and 
lesser average hip external rotation ROM for kneeling 
(25°) and squatting (19°). 39 

Walking and pivoting on one leg to turn are examples 
of functional activities that utilize hip internai rotation. 

Gait 

A normal walking pattern requires hip motion in the 
sagittal, frontal, and horizontal planes. In the sagittal 
plane, about 10° to 20° of hip extension is required at 
terminal stance, and 30° of hip flexion is required at the 
end of swing phase and the beginning of stance phase as 
the limb is advanced forward to take the next step (from 
the Rancho Los Amigos gait analysis forms as cited in 
Levangie and Norkin 38 ). 

With the feet fixed on the ground, the fémoral heads 
can act as fulcrums for the pelvis as it tilts anteriorly and 
posteriorly. The pelvis can also tilt laterally, causing the 
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Figure 6-125 Sitting with the foot across the opposite thigh Figure 6-126 Mounting a bicycle requires hip flexion, abduction, 

requires hip flexion, abduction, and external rotation: external and external rotation, 

rotators and sartorius muscle function. 


iliac crests to move either superiorly or inferiorly. Latéral 
tilting of the pelvis occurs when one leg is off the ground, 
the hip joint of the supporting leg acts as a fulcrum, and 
the tilting results in relative abduction and adduction 
at the hip joints. 38 When walking, there is a latéral tilt of 
the pelvis inferiorly on the unsupported side during the 
swing phase of the gait cycle. This dropping of the pelvis 
on the unsupported side results in ipsilateral hip abduc¬ 
tion. As the pelvis drops, the inferior aspect of the pelvis 
moves toward the fémur of the stance leg, producing hip 
adduction on this side. About 7° of hip abduction is 
required at initial swing, and 5° of hip adduction is 
required at the end of the stance phase of the gait cycle. 43 

Pelvic rotation occurs in the horizontal plane about a 
vertical axis. Rotations of the thigh occur relative to the 
pelvis. As the swinging leg advances during locomotion, 
the pelvis rotâtes forward on the same side. The fulcrum 
for this forward rotation of the pelvis is the head of the 
fémur on the supporting leg. As the supporting or stance 
leg is fixed on the ground, the pelvis rotâtes around the 
fémoral head, resulting in internai rotation at the hip 
joint. As the pelvis moves forward on the swing side, the 
swinging leg moves forward in the sagittal plane in the 
line of progression, resulting in external rotation of 
the hip during the swing phase of the gait cycle. During 


the normal gait cycle, about 5° of internai rotation and 
9° of external rotation are required at the hip joint. 43 
External rotation occurs at the end of the stance phase 
and through most of the swing phase, and internai rota¬ 
tion occurs at terminal swing before initial contact to the 
end of the stance phase. 43 Refer to Appendix D for fur- 
ther description and illustrations of the positions and 
motions at the hip joint during gait. 

Hip flexion and extension ROM requirements for run- 
ning are greater than for walking and vary depending on 
the speed of running. When running average peak hip 
flexion ROM is 65° and hip extension ROM is 20°. 38 


Muscle Function 

Hip Flexion 

Iliacus and psoas major (often referred to as iliopsoas) are 
the primary flexors of the hip joint. Tensor fascia latae 
(anteromedial fibers), 44 rectus femoris, sartorius, gracilis, 
and the hip adductors assist the iliopsoas. The hip adduc- 
tors assist in flexion when the hip is in an extended posi¬ 
tion. 30 Gracilis flexes the hip primarily in the initial stages 
of the motion 45 and with the knee in extension but not 
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Figure 6-127 Hip adduction. 



Figure 6-128 lliopsoas muscle function. 


with the knee flexed. 46 The action of the adductors and 
gracilis in hip flexion is illustrated in the action of kicking 
a bail and swimming using the flutter kick. The action of 
sartorius as a hip flexor, abductor, external rotator, and 
knee flexor 47 is illustrated when positioning the foot 
across the thigh in sitting (Fig. 6-125). 

The iliopsoas is the only flexor effective in flexing the 
hip beyond 90° in the sitting position 32 in activities such 
as raising the lower limb to sit with the thighs crossed 
(Fig. 6-127) and pulling on a sock (Fig. 6-128). The hip 
flexor muscles contract with the abdominals to raise the 
trunk when moving in bed from supine to sitting. The 
iliopsoas Controls the movement of the trunk and pelvis 
as one leans backward in sitting 32 to look overhead or 
lowers the trunk to lie down in bed from a sitting posi¬ 
tion. Other activities that require contraction of the hip 
flexors include donning a pair of trousers (Fig. 6-123), 
climbing a ladder, ascending stairs (Fig. 6-124), and step- 
ping in and out of the bathtub. 

Hip Extension 

The hip extensor muscles are the gluteus maximus, semi- 
membranosus, semitendinosus, biceps femoris, and 
adductor magnus. 48 The contribution of the five hip 
extensors in functional activities is partly determined by 
the position of the hip joint and the magnitude of the 


force required to perform hip extension. The hamstrings 
usually initiate the movement of hip extension 49 and the 
gluteus maximus contracts when the thigh moves beyond 
the anatomical position, into hyperextension, or when 
extension occurs against résistance. 46,49 The hamstrings 
produce motion at the hip and knee joints. According to 
Németh and colleagues 50 , the position of the knee has no 
effect on the strength of hip extension with the knee 
flexed between 0° and 90°. The adductor magnus acts as 
a hip extensor from 90° to 0° of hip flexion; its effect as a 
hip extensor is somewhat less in men in the final 30° of 
the extension motion as the anterior portion of the 
muscle becomes ineffective as an extensor. 48 

The action of the hip extensors is illustrated in activi¬ 
ties where the body is raised, 51,52 such as getting up from 
sitting 53 (Fig. 6-129), climbing stairs (Fig. 6-124), and 
jumping. The hip extensors contract in lifting activities 
performed with the knees and hips flexed 49,54,55 (Fig. 
6-130). The extensors control the forward movement of 
the pelvis when leaning forward in the sitting or standing 
positions and initiate and perform the posterior motion 
of the pelvis to sit or stand upright again. 30,54,56 The glu¬ 
teus maximus contracts when one holds a crouch posi¬ 
tion 52 to change a car tire or look into a low cupboard. 

In the standing position, thigh extension is performed 
by the hamstrings and when résistance is added to the 
movement the gluteus maximus assists to extend the 
hip. 46 Thus, the extensors contract to propel one forward 
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Figure 6-130 Hip extensor muscle function. 


Figure 6-129 The hip extensors function when the body is raised 
when getting up from a chair. 


when skating. The gluteus maximus contracts strongly to 
extend the thigh at the extreme of movement, as the hip 
is hyperextended. 49,52 

Hip Abduction 

The muscles responsible for hip abduction are the gluteus 
médius, gluteus minimus, and tensor fascia latae. The 
upper fibers of the gluteus maximus assist with abduction 
when force is required. 57 The main function of the hip 
abductor muscles is to keep the pelvis level when one 
foot is off the ground. When standing on one leg, the hip 
joint of the supporting leg and the pelvis act as a first- 
class lever. The head of the fémur represents the fulcrum 
and the pelvis, the lever arm. With one foot off the 
ground, the pelvis is unsupported and will drop down on 
the same side due to the torque created by the weight of 
the head, arms, trunk, and leg causing the pelvis to rotate 
around the head of the fémur of the stance leg. The hip 
abductor muscles on the stance side contract with a 
reversed origin and insertion to pull the iliac crest (pelvis) 
down on the same side, causing the pelvis to rotate 
around the head of the fémur and rise on the unsup¬ 
ported side. The pelvic leveling action of the hip abduc- 
tors in single leg stance is illustrated in walking, running, 
and kicking a bail. 


In single leg stance, the hip abductors may not be 
required to contract to keep the pelvis level if the trunk is 
shifted over the supporting leg so that the line of gravity 
of the head, arms, and trunk falls through the hip joint. 

If the pelvis is allowed to drop on the non-weight- 
bearing side when standing on one leg, the fascia latae 
and the iliotibial tract become taut on the weight-bearing 
side to maintain the posture of the pelvis and the hip 
abductors do not contract. 58 

The hip abductors may contract bilaterally in activities 
that require abduction of the non-weight-bearing extrem- 
ity such as standing when mounting a bicycle (Fig. 6-126) 
and performing karaté (Fig. 6-131). 

Hip Adduction 

Activities such as climbing a rope, 30 kicking a bail across 
the front of the body, and horseback riding require con¬ 
traction of the hip adductors that includes the adductor 
magnus, adductor longus, adductor brevis, gracilis, and 
pectineus. Janda and Stara (cited in Basmajian and 
DeLuca 57 ) suggest that the hip adductors function pri- 
marily as postural muscles in various activities rather 
than prime movers for hip adduction. 

Hip Internai Rotation 

The primary internai rotators of the hip include the ten¬ 
sor fascia latae, anterior fibers of the gluteus médius and 
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Figure 6-131 Hip abductor muscle function. 


minimus, 14 and the hip adductor muscles. 59,60 The semi- 
membranosus and semitendinosus internally rotate the 
hip when the hip is in extension. 46 The internai rotators 
are active in walking or when pivoting on one foot in the 
standing position. 30 

Hip External Rotation 

The piriformis, obturator internus, obturator externus, 
quadratus femoris, and gemellus superior and inferior, 
and sartorius externally rotate the hip joint. The pirifor¬ 
mis and obturator internus function most effectively as 
external rotators when the thigh is extended and 
become less effective as the thigh is flexed. 14 The gluteus 
maximus and biceps femoris also rotate the hip exter¬ 
nally when the hip is in extension. 46 Mounting a bicycle 
(Fig. 6-126), performing karaté (Fig. 6-131), and posi- 
tioning the foot across the opposite thigh to tie a shoe- 
lace (Fig. 6-125) require contraction of the external rota¬ 
tors of the hip. 

Standing Posture 

The line of gravity shifts in relation to the hip joint and 
may pass either slightly anterior to, slightly posterior to, 
or through the hip joint in the sagittal plane. 61 Regardless 


of the exact location of the line of gravity, there is little 
muscular activity at the hip in symmetrical standing. 
Electromyography has shown no activity in the gluteus 
maximus, médius, and minimus in easy standing. 56 There 
appears to be variable activity in the iliopsoas muscles 
because Basmajian 62 recorded slight to moderate activity 
and Joseph and Williams 56 detected no activity in stand¬ 
ing using electromyography. 

Gait 63 

The hamstrings and gluteus maximus contract at the end 
of the swing phase and the beginning of the stance phase 
to decelerate the forward swinging extremity and to 
extend the hip at initial contact and loading response. 
The gluteus maximus inserts into the iliotibial band and 
as the muscle contracts, it pulls the band posteriorly. The 
tensor fascia latae contracts at the beginning of the stance 
phase to prevent the posterior displacement of the ilio- 
tibial band. The hip abductors, gluteus médius and mini¬ 
mus, contract on the side of the weight-bearing extremity 
when the pelvis is unsupported on the contralatéral side 
during the swing phase of the gait cycle. The contraction 
of the gluteus médius and minimus prevents the pelvis 
from dropping on the unsupported side during the swing 
phase. The hip flexors, iliopsoas and rectus femoris, 64 and 
tensor fascia latae contract at the end of the stance phase 
and early swing phase to initiate hip flexion. The activity 
of the hip adductors is variable, but these muscles are 
active during the swing phase of the gait cycle. The hip 
adductors contract to keep the extremity in the midline 
and may assist in maintaining hip flexion at the end of 
swing phase. 65 

Montgomery and colleagues 66 provide a description of 
the hip muscle activity during running. 
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Articulations and 
Movements 


The knee is made up of the tibiofemoral and patellofemo- 
ral articulations (Fig. 7-1). The tibiofemoral articulation is 
a bicondylar joint formed proximally by the convex con- 
dyles of the fémur and distally by the concave surfaces of 
the tibial condyles. The congruency of these surfaces is 
enhanced by the menisci located between the articulat- 
ing surfaces. 1 From the anatomical position, the tibio¬ 
femoral joint may be flexed and extended in the sagittal 


plane, with movement occurring around a frontal axis 
(Fig. 7-2). Rotation also occurs at the tibiofemoral joint 
and is an essential component of normal range of motion 
(ROM) at the knee. Rotation occurs in the horizontal 
plane around a longitudinal axis (Fig. 7-2). At the begin- 
ning of knee flexion from full extension, the tibia auto- 
matically rotâtes internally on the fémur, and at the end 
of knee extension, the tibia automatically rotâtes exter- 
nally. The external rotation at the end of knee extension 
locks the knee in full extension and is referred to as the 
"screw home mechanism." The greatest range of tibial 
rotation is available when the knee is flexed 90°. 2 Knee 
movements are described in Table 7-1. 



Figure 7-1 Knee joint articulations, antérolatéral view. 
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The patellofemoral articulation (Fig. 7-1), an incongru- 
ous joint, is also contained within the capsule of the knee 
joint. The patellar articular surface, divided by a vertical 
ridge, is fiat or slightly convex mediolaterally and supero- 
inferiorly, 13 and articulâtes with the anterior surface of the 
fémur, a surface that is divided by the intercondylar groove 
and is concave mediolaterally and convex superoinferi- 
orly. 1 The "motion of the patella relative to the fémur or 
fémoral groove in knee flexion and extension" is referred 
to as patellar tracking. 14(p 241) The gliding of the patella on 


the fémur during knee flexion and extension is essential 
for normal motion at the knee. In full knee flexion, the 
patella slides distally and lies in the intercondylar notch. 13 
In full knee extension, the patella slides proximally and 
the lower portion of the patellar surface articulâtes with 
the anterior surface of the fémur. 1 In addition to proximal- 
distal glide, the patella glides medial-laterally during knee 
joint movement. 15 At the beginning of knee flexion, the 
patella shifts slightly médial, and as knee flexion increases, 
the patella gradually shifts laterally. 14 



Figure 7-2 Knee joint axes: ( 1 ) tibial internal-external rotation; 
( 2 ) flexion-extension. 
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TABLE 7-1 Joint Structure: Knee Movements 



Flexion 

Extension 

Internai 

Rotation 

External 

Rotation 

Articulation 1,3 

Femorotibial 

Femorotibial 

Femorotibial 

Femorotibial 


Patellofemoral 

Patellofemoral 



Plane 

Sagittal 

Sagittal 

Horizontal 

Horizontal 

Axis 

Frontal 

Frontal 

Longitudinal 

Longitudinal 

Normal 

Tension in the rectus femoris (with 

Tension in parts of both 

Tension in the 

Tension 

limiting 

the hip in extension); tension in 

cruciate ligaments, the 

cruciate 

in the 

factors 2 " 6 * 

the vasti muscles; soft tissue 

médial and latéral collateral 

ligaments 

collateral 

(see Fig. 

apposition of the posterior 

ligaments, the posterior 


ligaments 

7-3A 

aspects of the calf and thigh or 

aspect of the capsule, and 



and B) 

the heel and buttock 

the oblique popliteal ligament 



Normal end 

Firm/soft 

Firm 

Firm 

Firm 

feel 4 ’ 7 





Normal AROM 8t 

0-135° (0-140° to 145°) 

135-0° (0°) 

40 o11 to 58° 12 total active range 

(AROM 9 ) 



at 90° knee flexion 

Capsular 

Tibiofemoral joint: flexion, extension 





pattern 710 

*Note: There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here 
are based on knowledge of anatomy, clinical expérience, and available references. 

f AROM, active range of motion. 




Figure 7-3 Normal Limiting Factors. A. Posterior view of the knee showing noncontractile structures that normally limit motion. 

B. Anterior view of the knee showing noncontractile structures that normally limit motion. Motion limited by structure is identified in 
brackets, using the following abbreviations: E, extension; ER, external rotation; IR, internai rotation. Muscles normally limiting motion 
are not illustrated. 
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Surface Anatomy (Figs. 7-4 and 7-5) 


Structure 


Location 


1. Greater trochanter 

2. Patella 

3. Ligamentum patellae tendon 

4. Tibial tuberosity 

5. Tibial plateaus 

6. Head of the fibula 

7. Latéral malleolus 

8. Latéral épicondyle of 
the fémur 


The superior border of the greater trochanter can be found with the tip of the thumb 
placed on the iliac crest at the midline and the tip of the third finger placed distally on 
the latéral aspect of the thigh. 

Large triangular sesamoid bone on the anterior aspect of the knee. The base is proximal 
and the apex distal. 

Extends from the apex of the patella to the tibial tuberosity (patellar ligament or patellar tendon). 
As the patient attempts to extend the knee, the edges of the tendon are palpable. 

Bony prominence at the proximal end of the anterior border of the tibia and the insertion 
of the ligamentum patellae. 

The upper edges of the médial and latéral tibial plateaus are located in the soft tissue 
dépréssions on either side of the ligamentum patellae. Follow the plateaus medially and 
laterally to ascertain the knee joint line. 

A round bony prominence on the latéral aspect of the leg on a level with the tibial 
tuberosity. 

The prominent distal end of the fibula on the latéral aspect of the ankle. 

Small bony prominence on the latéral condyle of the fémur. 
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Range of Motion Assessment 

AND MEASUREMENT 


Practice Makes Perfect 

To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


Knee Flexion-Extension 

AROM Assessment 

Substitute Movement. Hip flexion. 


Stabilization. The pelvis is stabilized by the weight of the 
patient's body. The therapist stabilizes the fémur. 

Therapist's Distal Hand Placement. The therapist grasps 
the distal tibia and fibula. 

End Positions. The therapist moves the lower leg to flex 
the hip and knee to the limit of knee flexion (Fig. 7-7). 

The therapist extends the knee to the limit of knee 
extension/hyperextension (Fig. 7-8). 

End Feels. Flexion —firm/soft; extension/hyperextension — 
firm. 

Joint Glides. Flexion — the concave tibial condyles glide 
posteriorly on the fixed convex fémoral condyles. 
Extension —the concave tibial condyles glide anteriorly on 
the fixed convex fémoral condyles. 


PROM Assessment 



Forms 
7-1, 7-2 


Start Position. The patient is supine with the hip 
and knee in the anatomical position (Fig. 7-6). A 
towel is placed under the distal thigh. 



Figure 7-6 Start position: knee flexion and extension or 
hyperextension. 




Figure 7-8 Firm end feel at the limit of knee extension or 
hyperextension. 
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Measurement: Universal Goniometer 

Start Position. The patient is supine. The hip is in the 
anatomical position and the knee is in extension (0°) (Fig. 
7-9). A towel is placed under the distal thigh. 

Stabilization. The pelvis is stabilized by the weight of the 
patient's body. The therapist stabilizes the fémur. 

Goniometer Axis. The axis is placed over the latéral épi¬ 
condyle of the fémur (Fig. 7-10). 

Stationary Arm. Parallel to the longitudinal axis of the 
fémur, pointing toward the greater trochanter. 


Movable Arm. Parallel to the longitudinal axis of the fib- 
ula, pointing toward the latéral malleolus. 

End Position. From the start position of knee extension, 
the hip and knee are flexed (Fig. 7-11). The heel is moved 
toward the buttock to the limit of knee flexion (135°). 

Hyperextension. The fémur is stabilized, and the lower leg 
is moved in an anterior direction beyond 0° of extension 
(Fig. 7-12). Knee hyperextension from 0° to 10° may be 
présent. 



Figure 7-9 Start position: goniometer placement for knee flexion 
and extension/hyperextension. 



Figure 7-10 Goniometer placement for knee flexion and 
extension. 



Figure 7-11 Knee flexion. 


Figure 7-12 Knee hyperextension. 
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Patellar Mobility— 

Distal Glide 

PROM Assessment 

Start Position. The patient is supine; a roll supports 
the knee joint in slight flexion (Fig. 7-13). 

Form 

7-3 

Stabilization. The fémur rests on the plinth. 

Procedure 16 . The heel of one hand is against the base of 
the patella, with the forearm lying along the thigh. The 
other hand is placed on top, and both hands move the 
patella in a distal direction to the end of the movement. 
Movement of the patella in a posterior direction com¬ 
presses the patella against the fémur and should be 
avoided. The therapist records whether the movement is 
full or restricted. The patella moves vertically a total of 
8 cm from full flexion to full extension of the knee. 17 

End Feel. Firm. 



Patellar Mobility— 
Medial-Lateral Glide 

PROM Assessment 

Start Position. The patient is supine; a roll supports 
the knee joint in slight flexion (Fig. 7-14). 

Form 

7-4 Stabilization. The therapist stabilizes the fémur and 
tibia. 

Procedure. The palmar aspects of the thumbs are placed 
on the latéral border of the patella. The pads of the index 
fingers are placed on the médial border of the patella. The 
thumbs move the patella medially, and the index fingers 
move the patella laterally in a side-to-side motion. With 
the knee in extension, passive movement of the patella 
should average 9.6 mm medially and 5.4 mm laterally. 18 
Excessive, normal, or restricted ROM is recorded. 

End Feel. Firm. 
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Tibial Rotation 

Tibial rotation is an essential component of normal ROM 
at the knee. Assessment of total rotation ROM is more 
reliable than assessment of internai and external tibial 
rotation because of the difficulty of defining the zéro start 
position for the individual movements. 19 The greatest 
range of tibial rotation is available when the knee is 
flexed 90°. 13 

AROM Assessment 

Substitute Movement. Tibial internai rotation—hip internai 
rotation, ankle dorsiflexion/plantarflexion, subtalar joint 
inversion, forefoot adduction. Tibial external rotation— 
hip external rotation, ankle dorsiflexion/plantarflexion, 
subtalar joint eversion, forefoot abduction. 

PROM Assessment 

3 Start Position. The patient is sitting with the knee in 
90° flexion and the tibia in full internai rotation 
Form (Fig. 7-15A). A pad is placed under the distal thigh 
7-5 to maintain the thigh in a horizontal position. 


Procedure. From full internai rotation, the therapist 
rotâtes the tibia externally through the full available 
ROM (Fig. 7-16A). The total range of tibial rotation is 
observed (average total active range, about 40° in women 11 
and 58° in men 12 ) and recorded as excessive, normal, or 
restricted. 

End Feels. Internai rotation — firm; external rotation —firm. 

Joint Spin. The proximal concave surface of the tibia spins 
on the convex condyles of the fixed fémur. This spin 
occurs in conjunction with roll and glide of the articular 
surface during flexion and extension at the knee joint. 

Measurement: OB Goniometer 

Start Position. The patient is sitting with the knee in 90° 
flexion and the tibia in full internai rotation (Fig. 7-15A). 
A pad is placed under the distal thigh to maintain the 
thigh in a horizontal position. In the start position, the 
fluid-filled container of the goniometer is rotated until 
the 0° arrow lines up directly underneath the compass 
needle (Fig. 7-15B). 


Stabilization. The therapist stabilizes the fémur. 



Figure 7-15 A. and B. Start position for total tibial rotation: tibial internai rotation. 
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Goniometer Placement. The strap is placed around the leg 
distal to the gastrocnemius muscle, and the dial is placed 
on the right-angle extension plate on the anterior aspect 
of the leg. 

Stabilization. The therapist stabilizes the fémur. 

End Position. From full internai rotation, the therapist 
rotâtes the tibia externally through the full available 


PROM (see Fig. 7-16A). The number of degrees the com- 
pass needle moves away from the 0° arrow on the com- 
pass dial is recorded as the total range of tibial rotation 
(see Fig. 7-16B) (average total active range, about 40° in 
women 11 and 58° in men 12 ). 



Figure 7-16 A and B. End position for total tibial rotation: tibial external rotation. 
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Muscle Length Assessment 

AND MEASUREMENT 


Practice Makes Perfect 

To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


Hamstrings (Semitendinosus, 
Semimembranosus, 

Biceps Femoris) 


Origins 1 

Insertions 1 

Semitendinosus 

Inferomedial impression 
on the superior aspect of 
the ischial tuberosity 

Proximal part of the 
médial surface of the 
tibia. 

Semimembranosus 

Superolateral aspect of 
the ischial tuberosity 

Tubercle on the 
posterior aspect of the 
médial tibial condyle. 

Biceps Femoris 

a. Long head: inferomedial 
impression of the superior 
aspect of the ischial 
tuberosity; lower portion 
of the sacrotuberous 
ligament 

Head of the fibula; slip 
to the latéral condyle of 
the tibia; slip to the 
latéral collateral 
ligament. 

b. Short head: latéral lip of 
the linea aspera and 
latéral supracondylar line 




Passive Knee Extension (PKE) Supine 20 

Start Position. The patient is supine (Fig. 7-17). The 
hip is flexed to 90°. The patient supports the thigh 
Sec. in this position by placing both hands around the 
7-6 distal thigh. If the patient cannot hold this posi¬ 
tion, the therapist stabilizes the thigh. The knee is flexed, 
and the ankle is relaxed in plantarflexion. 

Stabilization. The patient or the therapist stabilizes the 
fémur to maintain the hip in 90° flexion. Posterior tilt of 
the pelvis is avoided through use of a précisé start posi¬ 
tion, observation of pelvic motion, and if necessary use of 
a strap placed over the anterior aspect of the distal thigh 
on the nontest side (see Fig. 6-41). 

Goniometer Placement. The goniometer is placed the 
same as for knee flexion (Fig. 7-18). Should the therapist 
stabilize the thigh, a second therapist may be required to 
assist with the alignment and reading of the universal 
goniometer. 

End Position. While maintaining the hip in 90° flexion, 
the knee is extended to the limit of motion so that the 
hamstring muscles are put on full stretch (Fig. 7-18). The 
ankle is relaxed in plantarflexion during the test. 

The angle of knee flexion is used to indicate the ham¬ 
string muscle length. If the knee cannot be extended 
beyond 20° knee flexion, according to some sources 21,22 
this indicates hamstring tightness. However, Youdas and 
colleagues 23 performed the PKE test with 214 men and 
women, aged 20-79 years, and reported mean knee flex¬ 
ion PROM of 28° for women and 39° for men. 

End Feel. Hamstrings on stretch—firm. 



Figure 7-18 End position: universal goniometer 
measurement of knee flexion for hamstrings 
length. 
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Alternate Position—Sitting 

Start Position. The patient is sitting, grasps the edge 
of the plinth, and has the nontest foot supported on 
Form a stool (Fig. 7-19). A pad is placed under the distal 
7-7 thigh to maintain the thigh in a horizontal position. 
The ankle on the test side is relaxed in plantarflexion. 

Stabilization. The therapist stabilizes the fémur. The 
patient grasps the edge of the plinth and is instructed to 
maintain the upright sitting position. 

Goniometer Placement. The goniometer is placed the 
same as for knee flexion-extension (Fig. 7-20). 

End Position. The therapist extends the knee to the limit 
of motion so that hamstrings are put on full stretch (Fig. 
7-20). The ankle is relaxed in plantarflexion throughout 





Figure 7-19 Start position: length of hamstrings. 


the test movement to prevent gastrocnemius muscle 
tightness from limiting knee ROM. 

End Feel. Hamstrings on stretch—firm. 

Substitute Movement. The patient leans back to posteri- 
orly tilt the pelvis, extending the hip joint to place the 
hamstrings on slack, and thus allow increased knee 
extension (Fig. 7-21). 

Alternate Position—Passive Straight 
Leg Raise (PSLR) 

The PSLR technique used to evaluate hamstring muscle 
length is described in Chapter 6. Note: the PKE and PSLR 
tests should not be used interchangeably when assessing 
hamstring muscle length. 22 



Figure 7-20 Goniometer measurement: length of 
hamstrings. 




Figure 7-21 Substitute movement: backward lean during 
hamstrings length test. 
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Rectus Femoris 


Origins 1 

Insertion 1 

Rectus Femoris 

a. Straight head: anterior 

Base of the patella, via 

inferior iliac spine. 

the quadriceps tendon 

b. Reflected head: groove 
above the acetabulum 
and the capsule of the 
hip joint. 

into the tibial tuberosity. 


better ensure maximum stretch of the rectus femoris 
muscle. 24 The test leg is in the anatomical position with 
the knee in extension (0°). A towel may be placed under 
the thigh to eliminate pressure on the patella. 

Stabilization. The patient's prone position with the non- 
test leg over the side of the plinth with the hip flexed and 
the foot on the floor stabilizes the pelvis. A strap may also 
be placed over the buttocks to stabilize the pelvis. The 
therapist stabilizes the fémur. 

Goniometer Placement. The goniometer is placed the 
same as for knee flexion-extension. 


Start Position. The patient is prone. To position the 
pelvis in a posterior tilt, the nontest leg is over the 
Sec. side of the plinth with the hip flexed and the foot 
7-8 on the floor (Fig. 7-22). This positioning of the non- 
test leg has been shown to effectively tilt the pelvis pos- 
teriorly, and thus increase hip extension of the test leg to 


End Position. The lower leg is moved in a posterior direc¬ 
tion so that the heel approximates the buttock to the 
limit of knee flexion. Decreased length of the rectus 
femoris restricts the range of knee flexion when the 
patient is prone (Fig. 7-23). 

End Feel. Rectus femoris on stretch—firm. 




Figure 7-22 Start position: length of rectus femoris. 


Figure 7-23 End position: length of rectus femoris. 
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Alternate Position—Ely’s Test 

Start Position. The patient is prone. A towel may be 
placed under the thigh to eliminate pressure on the 
Sec. patella. The leg is in the anatomical position with 
7-9 the knee in extension (0°) (Fig. 7-24). 

Stabilization. The patient's prone position stabilizes the 
pelvis. A strap may also be placed over the buttocks to 
stabilize the pelvis. The therapist observes the pelvis to 
ensure there is no tilting. The therapist stabilizes the 
fémur. 

Goniometer Placement. The goniometer is placed the 
same as for knee flexion-extension. 



Figure 7-24 Alternate start position: length of rectus femoris. 


End Position. The lower leg is moved in a posterior direc¬ 
tion so the heel approximates the buttock to the limit of 
knee flexion. Decreased length of the rectus femoris 
restricts the range of knee flexion when the patient is 
prone (Fig. 7-25). 

End Feel. Rectus femoris on stretch—firm. 

Substitute Movement. The patient anteriorly tilts the pel¬ 
vis and flexes the hip to place the rectus femoris on slack, 
and thus allows increased knee flexion (Fig. 7-26). 


Figure 7-25 Goniometer measurement: length of rectus femoris. 






Figure 7-26 Substitute movement: anterior pelvic tilt and hip 
flexion placing rectus femoris on slack. 
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Alternate Position—Thomas 
Test Position 

Start Position. The patient sits at the end of the 
plinth with the edge of the plinth at midthigh level. 
Sec. From this position, the patient is assisted into 
7-10 supine. Using both hands, the patient holds the hip 
of the nontest leg in flexion so that the sacrum and lum- 
bar spine are fiat on the plinth. Care should be taken to 
avoid flexion of the lumbar spine due to excessive hip 
flexion ROM. With the hip abducted, the hip is extended 
to the limit of motion 25 (Fig. 7-27). 

Stabilization. The patient's supine position and holding of 
the nontest hip in flexion stabilizes the pelvis and lumbar 


spine. The therapist observes the anterior superior iliac 
spine (ASIS) to ensure there is no pelvic tilting. The 
therapist stabilizes the fémur. 

Goniometer Placement. The goniometer is placed the 
same as for knee flexion-extension. 

End Position. The knee is flexed to the limit of motion to 
assess shortness of the rectus femoris (Figs. 7-28 and 
7-29). If the rectus femoris is shortened, knee flexion 
PROM will be restricted proportional to the decrease in 
muscle length. Knee flexion of less than 80° indicates the 
degree of muscle shortening. 26 

End Feel. Rectus femoris on stretch—firm. 




Figure 7-27 Alternate start position: length of rectus femoris. 




Figure 7-29 Alternate goniometer measurement: length of rectus 
femoris. 





























332 


SECTION II Régional Evaluation Techniques 


Muscle Strength 
Assessment (Table 7 - 2 ) 



Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


TABLE 7-2 Muscle Actions, Attachments, and Nerve Supply: the Knee 27 


Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle 

Insertion 

Peripheral 

Nerve 

Nerve 

Root 



Hamstrings 




Semimembranosus 

Knee flexion 
Internai rotation 
of the flexed 
knee 

Superolateral aspect of the ischial 
tuberosity 

Tubercle on the 
posterior 
aspect of the 
médial tibial 
condyle 

Sciatic 

(tibial 

portion) 

L5S12 

Semitendinosus 

Knee flexion 
Internai rotation 
of the flexed 
knee 

Inferomedial impression on the 
superior aspect of the ischial 
tuberosity 

Proximal part of 
the médial 
surface of the 
tibia 

Sciatic 

(tibial 

portion) 

L5S12 

Biceps femoris 

Knee flexion 
External rotation 
of the flexed 
knee 

a. Long head: inferomedial 
impression of the superior 
aspect of the ischial tuberosity; 
lower portion of the 
sacrotuberous ligament 

b. Short head: latéral lip of the 
linea aspera and latéral 
supracondylar line 

Head of the 
fibula; slip to 
the latéral 
condyle of the 
tibia; slip to the 
latéral collateral 
ligament 

Sciatic 

(tibial 

and 

common 

peroneal 

portions) 

L5S12 



Quadriceps 




Vastus medialis 

Knee extension 

Lower part of the intertrochanteric 
line and the spiral line, médial 
lip of the linea aspera, proximal 
part of the supracondylar line, 
the adductor tendons of longus 
and magnus, and the 
intermuscular septum 

Médial border of 
the patella, via 
the quadriceps 
tendon into the 
tibial tuberosity 

Fémoral 

L234 

Vastus lateralis 

Knee extension 

Superior part of the 
intertrochanteric line, anterior 
and inferior borders of the 
greater trochanter, latéral lip of 
the gluteal tuberosity, and the 
upper half of the latéral lip of 
the linea aspera 

Latéral border 
and base of the 
patella, via the 
quadriceps 
tendon into the 
tibial tuberosity 

Fémoral 

L234 

Vastus intermedius 

Knee extension 

Upper two-thirds of the anterior 
and latéral surfaces of the 
fémoral shaft 

Base of the 
patella, via the 
quadriceps 
tendon into the 
tibial tuberosity 

Fémoral 

L234 

Rectus femoris 

Hip flexion 

Knee extension 

a. Straight head: anterior aspect 
of the anterior inferior iliac spine 

b. Reflected head: groove above 
the acetabulum and the 
capsule of the hip joint 

Base of the 
patella, via the 
quadriceps 
tendon into the 
tibial tuberosity 

Fémoral 

L234 









CHAPTER 7 Knee 


333 


Knee Flexion 

Against Gravity: Biceps Femoris, 
Semitendinosus, and 
Semimembranosus 

Accessory muscles: gastrocnemius, popliteus, graci- 
11s, and sartorius. 

Form 

Research 28 ' 29 appears to support the practice of 
testing the hamstrings as a group with the tibia posi- 
tioned in neutral rotation, and isolating the médial and 
latéral hamstrings by positioning the tibia in either inter¬ 
nai or external rotation, respectively. 

Start Position. The patient is in the prone-lying position 
with a pillow under the abdomen (Fig. 7-30). The knee is 
in extension, the tibia is in neutral rotation, and the foot 
is over the end of the plinth. The rectus femoris may limit 
the range of knee flexion in the prone position. 

Stabilization. A pelvic strap stabilizes the pelvis. The 
therapist stabilizes the thigh. 

Movement. The patient flexes the knee through full ROM 
(Fig. 7-31). 

Palpation. Biceps femoris: proximal to the knee joint on 
the latéral margin of the popliteal fossa. Semitendinosus: 
proximal to the knee joint on the médial margin of the 
popliteal fossa. Semimembranosus: proximal to the knee 
joint on either side of the semitendinosus tendon. 30 

Substitute Movement. Sartorius (producing hip flexion 
and external rotation) and gracilis (producing hip adduc¬ 
tion). 5 

Résistance Location. Applied proximal to the ankle joint 
on the posterior aspect of the leg (Fig. 7-32). Walmsley 
and Yang 31 found that with the hip at or near 0°, a strong 
knee flexion contraction could not be performed beyond 
90° because of discomfort. It is not uncommon to expéri¬ 
ence cramping of the hamstring muscles if too much 
résistance is applied as the knee moves into greater 
degrees of flexion. 26 

Résistance Direction. Knee extension. 



Figure 7-30 Start position: biceps femoris, semitendinosus, and 
semimembranosus. 



Figure 7-31 Screen position: biceps femoris, semitendinosus, and 
semimembranosus. 



Figure 7-32 Résistance: biceps femoris, semitendinosus, and 
semimembranosus. 
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Isolation of the Médial Hamstrings. The médial hamstrings 
(semitendinosus and semimembranosus) internally rotate 
the tibia during knee flexion. The patient holds the tibia 
in internai rotation and brings the heel toward the latéral 
aspect of the ipsilateral buttock (Figs. 7-33 and 7-34). 

Résistance Direction. Knee extension and tibial external 
rotation. 



Figure 7-33 Résistance: semitendinosus and semimembranosus. 



Figure 7-35 Résistance: biceps femoris. 


Isolation of the Latéral Hamstring. The latéral hamstring 
(biceps femoris) externally rotâtes the tibia during knee 
flexion. The patient holds the tibia in external rotation 
and brings the heel toward the contralatéral buttock 
(Figs. 7-35 and 7-36). 

Résistance Direction. Knee extension and tibial internai 
rotation. 



Figure 7-34 Semitendinosus and semimembranosus. 
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Gravity Eliminated: Biceps Femoris, 
Semitendinosus, and 
Semimembranosus 

Start Position. The patient is side-lying on the nontest 
side (Fig. 7-37). The therapist supports the weight of the 
lower extremity. The hip is in anatomical position with 
the knee extended. 



Figure 7-37 Start position: biceps femoris, semitendinosus, and 
semimembranosus. 


Stabilization. The therapist stabilizes the thigh. 

End Position. The patient flexes the knee through full 
ROM (Fig. 7-38). 

Substitute Movement. Hip flexion resulting in passive 
knee flexion. 



Figure 7-38 End position: biceps femoris, semitendinosus, and 
semimembranosus. 
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Knee Extension 

Against Gravity: Rectus Femorîs, 

Vastus Intermedius, Vastus Lateralis, 
and Vastus Medialis 

Start Position. The patient is sitting (Fig. 7-39). The 
knee is flexed and a pad is placed under the distal 
Sec. thigh to maintain the thigh in a horizontal posi- 
7-12 tion. 



Figure 7-39 Start position: rectus femoris, vastus 
intermedius, vastus lateralis, and vastus medialis. 


Stabilization. The therapist stabilizes the thigh and the 
patient grasps the edge of the plinth. 

Movement. The patient extends the knee through full 
ROM (Fig. 7-40). If the hamstrings are tight, the patient 
may lean back to relieve the tension on the hamstrings 
during the movement. The patient may attempt to lean 
back during the test to place the rectus femoris muscle on 
stretch and increase the contribution from this muscle to 
produce knee extension. 30 



Figure 7-40 Screen position: rectus femoris, vastus intermedius, 
vastus lateralis, and vastus medialis. 
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Palpation. Rectus femoris: on the anterior midthigh. Vastus 
intermedius: too deep to palpate. Vastus lateralis: latéral 
aspect midthigh. Vastus medialis: médial aspect distal 
thigh. The quadriceps muscle group may be palpated proxi¬ 
mal to the tibial tuberosity at the patellar tendon. 

Substitute Movement. Tensor fascia latae (observe internai 
rotation of the hip). 26 


Résistance Location. Applied on the anterior surface of 
the distal end of the leg (Figs. 7-41 and 7-42). Ensure the 
patient does not lock the knee in full extension (close- 
packed position). 

Résistance Direction. Knee flexion. 



Figure 7-41 Résistance: rectus femoris, vastus intermedius, 
vastus lateralis, and vastus medialis. 



Figure 7-42 Rectus femoris, vastus intermedius, vastus lateralis, 
and vastus medialis. 
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Gravity Eliminated: Rectus Femoris, 
Vastus Intermedius, Vastus Lateralis, 
and Vastus Medialis 

Start Position. The patient is side-lying on the nontest 
side (Fig. 7-43). The therapist supports the weight of the 
lower extremity. The hip is in anatomical position with 
the knee flexed. 



Figure 7-43 Start position: rectus femoris, vastus intermedius, 
vastus lateralis, and vastus medialis. 


Stabilization. The therapist stabilizes the thigh. 

End Position. The patient extends the knee through full 
ROM (Fig. 7-44). 

Substitute Movement. Hip extension from a flexed posi¬ 
tion can resuit in passive knee extension. 5 



Figure 7-44 End position: rectus femoris, vastus intermedius, 
vastus lateralis, and vastus medialis. 
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Functional Application 


Joint Function 

The knee joint functions to support the body weight and 
to shorten or lengthen the lower limb. 2 Knee flexion with 
the foot planted lowers the body closer to the ground, 
while knee extension raises the body. 30 With the foot off 
the ground, foot orientation in space is provided 2 by flex- 
ing or extending the knee or rotating the tibia. The rota- 
tional mobility of the knee joint makes twisting move- 
ments of the body possible when the foot is planted on 
the ground. 30 In walking, the knee joint acts as a shock 
absorber, decreases the vertical displacement of the body, 
and through knee flexion shortens the lower limb to 
allow the toes to clear the ground during the swing phase 
of the gait cycle. 32,33 


Functional Range of Motion 

The normal AROM at the knee is from 0° of extension to 
135° of flexion. Full extension is required for normal func¬ 
tion, but many daily activities require less than 135° of knee 
flexion. Rowe and colleagues 34 suggest 0° to at least 110° of 
knee flexion would be an appropriate target for réhabilita¬ 
tion. A target of 110° knee flexion would enable one to 
walk, sit in and stand up from a chair, and negotiate stairs. 
Using the bath would require greater ROM of approxi- 
mately 135° flexion to be performed in a normal manner. 


The knee must be fully extended to stand erect (Fig. 
7-45). Full or near-full knee extension is required to reach 
a height (Fig. 7-46) or to contact a distant object or sur¬ 
face with the foot, such as depressing the brake pedal of 
a car or going downstairs (Fig. 7-47). When dressing, the 
knee is extended to put on a pair of trousers (Fig. 7-48) or 
shorts. The fully extended position of the knee usually 
occurs in asymmetrical postures; for example, prolonged 
standing when one leg is used to support most of the 
body weight or when powerful thrusting motions 1 such 
as jumping are performed. 

Daily activities involving ranges of knee motion up to 
an average of 117° of flexion include lifting an object off 
the floor (Fig. 7-49), sitting down in a chair (Fig. 7-50), 
descending and ascending stairs (Figs. 7-47 and 7-51), 
and tying a shoelace 36 or pulling on a sock (Fig. 7-52). 
Many of the daily functions previously mentioned require 
on average less than 25° of tibial rotation. 36 The knee flex¬ 
ion ROM required for selected activities of daily living 
(ADL) is shown in Table 7-3. 

Far greater knee flexion ROM is utilized by non- 
Western cultures accustomed to performing ADL such as 
squatting, cross-legged sitting, and kneeling 38 39 (Table 7-4). 
A range with a mean minimum of 135° knee flexion when 
sitting cross-legged 39 to a mean maximum of about 157° 
flexion when squatting with the heels up, 38 is required for 
these ADL. Positions (i.e., squatting, cross-legged sitting, 
and kneeling) essential for ADL in Asian and Eastern cul¬ 
tures ail require high knee flexion ROM accompanied by 
tibial internai rotation ROM up to an average maximum of 
33° for cross-legged sitting. 38 To achieve the knee flexion 
ROM required to squat and kneel, the hip is flexed placing 



Figure 7-45 Full knee extension is required 
to stand erect. 


Figure 7-46 To reach a height, full or 
near-full knee extension is required. 
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Figure 7-47 Going down stairs requires: an average 
of 86° to 107° of knee flexion, full or near-full knee 
extension, 35 and eccentric quadriceps contraction. 


Figure 7-48 The knee is in extension to 
put on a pair of trousers. 



Figure 7-49 Lifting an object off the floor requires an 
average of 117° of knee flexion. 36 



Figure 7-50 To sit down in a chair 
requires an average of 93° of knee 
flexion. 36 


rectus femoris on slack, and body weight assists in pas- 
sively flexing the knee joint. 

Livingston and coworkers 35 evaluated the knee flexion 
ROM required to ascend and descend three stairs of differ¬ 
ent dimensions. Depending on the stair dimensions and 
subject height, the maximum knee flexion ROM required 


ranged between averages of 83° and 105° to ascend, and 
86° and 107° to descend the stairs. Minimum knee flexion 
ROM averages of between 1° or 2° and 15° were required to 
ascend or descend stairs. It appears that changes of ROM 
at the knee joint, rather than the hip and ankle, are used 
to adjust to different stair dimensions. 35 
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Figure 7-51 Climbing stairs requires an average of 
83° to 105° of knee flexion and full or near-full knee 
extension. 35 


Gait 

Walking requires a ROM from about 0° of knee extension 
as the leg advances forward to make initial contact with 
the ground (Fig. 7-53), to a maximum of about 60° of knee 
flexion at initial swing so that the foot clears the ground as 
the extremity is advanced forward (from the Rancho Los 
Amigos gait analysis forms, as cited in the work of Levangie 




Figure 7-52 Knee range within the arc of 0° to 117° 
of flexion. 


and Norkin 2 ). The tibia rotâtes internally on the fémur at 
the end of the swing phase and maintains the position of 
internai rotation through the stance phase until preswing, 
when the tibia externally rotâtes through to midswing. 40 
An average of about 13° of tibial rotation is required for 
normal gait. 41 For further description and illustrations of 
the positions and motions at the knee joint during gait, see 
Appendix D. 


TABLE 7-3 Knee Flexion ROM Average Values Required for ADL 

Activity 

Knee Flexion 

Taking a bath 34 

135° 

Tying shoe: sitting and bringing the foot up from the floor* 

106° 

Sitting: without touching the chair with the hands* 

93° 

Lifting object from floor* 


Bending at hips to reach down 

71° 

Back straight, bending knees 

117° 

Stairs 1 


Ascending 

83-105° 

Descending 

86-107° 

Walking 1 

60° 

Fast-paced running 37 (faster than 7.5-minute mile) 

103° 


*Knee flexion ROM for 30 subjects were measured from the subject’s normal stance position and not anatomical zéro position. 36 

f Knee flexion ROM for 15 subjects during ascent and descent of three stairs of different dimensions. Maximum knee flexion ROM requirements 

varied depending on the stair dimensions and subject height. 35 

*Data from the Rancho Los Amigos gait analysis forms as cited in Levangie and Norkin. 2 
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TABLE 7-4 Positions Essential for ADL in Asian and Eastern Cultures: 

Average Knee Flexion ROM Values Required 

Activity 

Knee Flexion 

Sitting cross-legged 

135° 39 -150° 38 

Kneeling 38 with: 


ankles plantarflexed 

144° 

ankles dorsiflexed 

155° 

Squatting 38 with: 


heels down 

154° 

heels up 

157° 


Pink and colleagues 37 investigated and described the 
ROM requirement at the knee for slow-paced running 
(slower than an 8-minute mile) and fast-paced running 
(faster than a 7.5-minute mile). Fast-paced mnning required 
a range of knee joint motion from an average of 11° flexion 
at terminal swing to an average 103° maximum knee flex¬ 
ion near the end of middle swing. Slower-paced running 
required less flexion throughout most of the swing phase 
compared to fast-paced mnning. 

Muscle Function 

Knee Flexors 

The knee flexors include the biceps femoris, semitendino- 
sus, semimembranosus, sartorius, gracilis, popliteus, and 



Figure 7-53 Full knee extension 
is required for normal gait. 


gastrocnemius. The majority of the knee flexors are 
biarticular muscles and also produce movement at either 
the hip or ankle joints. The popliteus and short head of 
biceps femoris are the only monoarticular knee flexors. 

The gracilis muscle contributes to the knee flexor 
moment at ail knee joint angles. 42 The gastrocnemius also 
flexes the knee joint at ail knee joint angles, and Controls 
knee hyperextension. 17 The contribution of gastrocne¬ 
mius to knee flexion is greatest with the knee joint in full 
extension and decreases as the knee is flexed regardless of 
ankle joint position. 43 Gastrocnemius knee flexion torque 
is greater when the ankle is dorsiflexed than when the 
ankle is positioned in plantarflexion. 43 

With the exception of gastrocnemius, the knee flexors 
rotate the tibia. Biceps femoris contracts to externally 
rotate and flex the tibia on the fémur. The other knee 
flexors internally rotate the tibia on the fémur. 

The action of popliteus is negligible as a knee flexor, 
but the muscle functions to internally rotate the tibia on 
the fémur, 44 contracting at the initiation of knee flexion 
to unlock the knee joint. 45 When loads are carried while 
walking downhill, popliteus activity is increased to stabi- 
lize the knee at midstance, from that of level or downhill 
walking. 46 When a crouch position is assumed, the pop¬ 
liteus contracts to prevent the forward displacement of 
the fémur on the tibia, 45 in activities such as squatting to 
pick up an object (Fig. 7-49). 

The action of the knee flexors is illustrated in sitting 
when the ankle is placed across the opposite thigh (Fig. 
7-54) or when the legs are crossed at the ankles with the 
feet positioned under the chair. In standing, the knee 
flexors contract to allow one to inspect the sole of the 
foot. The flexors contract when knee flexion is forced at 
the end of the ROM, for example, when pulling on a sock 
(Fig. 7-52). When walking or running, the knee flexors 
contract eccentrically to decelerate the leg as the knee 
extends to take a step forward. Activities such as ascend- 
ing stairs do not require contraction of the knee flexors 
because the knee is flexed passively 17 due to active hip 
flexion. 

The knee flexors that function as rotators initiate 
and control knee rotation in activities such as running and 
turning. 30 These muscles are also active in squatting and 
kneeling when the trunk and upper extremities produce 
knee motions on the fixed tibia. 30 
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Figure 7-54 The knee flexors contract to position the foot across 
the opposite thigh. 


Knee Extensors 

The extensors of the knee are the rectus femoris, vastus 
medialis, vastus lateralis, and vastus intermedius. The rec¬ 
tus femoris acts at the hip and knee joints and is more 
effective as a knee extensor if the hip is extended and the 
muscle is placed on stretch. 47 Okamoto found that the hip 
must be stabilized for the rectus femoris to act fully as a 
knee extensor (cited in Basmajian and DeLuca 48 ). The vas¬ 
tus medialis contracts with the other vasti muscles through 
the full ROM to perform knee extension. 49 " 52 The inferior 
oblique fibers of vastus medialis are thought to function at 
terminal extension to prevent the latéral displacement of 
the patella by drawing the patella medially. 48 

Two main patterns of movement occur in the lower limb 
during ADL. One pattern includes hip flexion, knee flexion, 
and ankle dorsiflexion. 47 In this pattern, the knee extensors 
usually contract eccentrically to control knee flexion. This is 
illustrated in activities when the foot is fixed on the ground 
and the body is moved doser to the ground, such as squat- 
ting to lift an object off the floor, sitting down in a chair, and 
descending stairs (Fig. 7-47). The other common movement 
pattern of the lower limb consists of hip extension, knee 
extension, and ankle plantarflexion. 47 In this pattern, the 
knee extensors normally contract concentrically to extend 
the knee joint. This synergy is illustrated when rising out of 


a chair, jumping, ascending stairs (Fig. 7-51), and rising to 
get out of the bathtub. 

When the foot is not fixed on the ground, the knee 
extensors contract when the knee is extended against 
résistance, including the weight of the leg. Kicking a bail, 
pulling on a pair of trousers, and swimming using the 
frog kick require contraction of the knee extensors. 

Standing Posture 

There is no contraction of the quadriceps in the standing 
position because the line of gravity tends to fall anterior to 
the knee joint. Using electromyography, Portnoy and 
Morin 53 found that the hamstrings and gastrocnemius 
muscles contract in standing. These muscles may function 
to prevent the knee from extending or hyperextending. 30 

Gait 

The knee extensors and flexors contract simultaneously to 
stabilize the knee in the extended position to préparé for 
initial contact. 54 During the first part of the stance phase, 
the quadriceps contract eccentrically to prevent knee flex¬ 
ion from occurring at initial contact and loading response 
as the weight is transferred to the limb. The quadriceps may 
or may not contract from loading response to midstance to 
extend the knee. At higher walking speeds, the quadriceps 
may contract to prevent excessive knee flexion and initiate 
knee extension at initial swing. 33 The hamstrings contract 
eccentrically at terminal swing to decelerate the forward- 
swinging limb. 54 The sartorius is active throughout the 
swing phase of the gait cycle, assisting with hip flexion 
required for toe clearance and external rotation of the hip as 
the pelvis rotâtes forward on the same side. 55 The gracilis 
contracts at the end of the stance phase and the beginning 
of the swing phase of the gait cycle. 56 The popliteus inter- 
nally rotâtes the tibia on the fémur and maintains this posi¬ 
tion from midswing through to preswing. 40 

Montgomery and colleagues 57 provide a description of 
the knee muscle activity during running. 
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Chapter 



Ankle and 
Foot 



Articulations and 
Movements 


Articulations of the ankle and foot are illustrated in Figure 
8-1. The articulations at which range of motion (ROM) is 
commonly measured are the talocrural (ankle) joint, the 
subtalar joint, and the metatarsophalangeal (MTP) and 
interphalangeal (IP) joints of the great toe. The move¬ 
ments of these joints are described in Tables 8-1 and 8-2. 

The ankle joint is classified as a hinge joint. The prox¬ 
imal concave articulating surface of the joint, commonly 
referred to as the ankle mortise, is formed by the médial 
aspect of the latéral malleolus, the distal tibia, and the 


latéral aspect of the médial malleolus. This concave sur¬ 
face is mated with the convex surface of the body of the 
talus. The primary movements at the ankle, dorsiflexion, 
and plantarflexion, occur around an oblique frontal axis 
in an oblique sagittal plane (Fig. 8-2). With the ankle in 
plantarflexion, the narrower posterior aspect of the body 
of the talus lies within the mortise and allows additional 
motion to occur at the joint. This movement is slight and 
includes side-to-side gliding, rotation, and abduction and 
adduction. 2 

The subtalar joint consists of two separate articula¬ 
tions between the talus and calcaneus that are separated 
by the tarsal canal. Posterior to the tarsal canal, the con¬ 
cave surface on the inferior aspect of the talus articulâtes 
with the convex posterior facet on the superior surface of 




Figure 8-2 Ankle and foot axes: ( 1 ) metatarsophalangeal (MTP) 
joint abduction-adduction; ( 2 ) interphalangeal (IP) joint flexion- 
extension; ( 3 ) MTP joint flexion-extension; ( 4 ) talocrural joint 
dorsiflexion-plantarflexion. 


Figure 8-1 Ankle and foot articulations. 
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TABLE 8-1 

Joint Structure: Ankle and Foot Movements 


Plantarflexion 

Dorsiflexion 

Inversion 

Eversion 

Articulation 1,2 

Talocrural 

Talocrural 

Subtalar 

Subtalar 

Plane 

Oblique sagittal 

Oblique sagittal 

Oblique frontal 

Oblique frontal 

Axis 

Oblique frontal 

Oblique frontal 

Oblique sagittal 

Oblique sagittal 

Normal 

limiting 

factors 1-6 * 

(see Fig. 
8-4 A and 
B) 

Tension in the anterior 
joint capsule, anterior 
portion of the deltoid, 
anterior talofibular 
ligaments, and the 
ankle dorsiflexors; 
contact between the 
talus and the tibia 

Tension in the posterior 
joint capsule, the 
deltoid, calcane- 
ofibular and posterior 
talofibular ligaments, 
and the soleus; 
contact between the 
talus and the tibia 

Tension in the latéral 
collateral ligament, 
ankle evertors, 
latéral 

talocalcaneal 
ligaments, cervical 
ligament, and the 
latéral joint 
capsule 

Contact between the talus 
and calcaneus; tension in 
the médial joint capsule, 
médial collateral 
ligaments, médial 
talocalcaneal ligament, 
tibialis posterior, flexor 
hallucis longus and flexor 
digitorum longus 

Normal end 
feel 3,7 

Firm/hard 

Firm/hard 

Firm 

Hard/firm 

Normal 

AROM 8t 

(AROM 9 ) 

0-50° (0-40° to 50°) 

0-20° (0-15° to 20°) 

0-5°: forefoot 0-35° 
(0-30° to 35°) 

0-5°: forefoot 0-15° 

(0-20°) 

Capsular 

pattern 7,10 

Talocrural joint: plantarflexion, dorsiflexion 

Subtalar joint: varus (i.e., inversion), valgus (i.e., eversion) 



*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here are 
based on knowledge of anatomy, clinical expérience, and available references. 

t AFlOM, active range of motion. 


the calcaneus. Anterior to the canal, the convex head of 
the talus articulâtes with the concave middle and anterior 
facets on the superior surface of the calcaneus. The subta- 
lar joint axis runs posteroanteriorly, obliquely upward 
from the transverse plane and médial to the sagittal plane 
(Fig. 8-3). Owing to the obliqueness of the joint axis and 
the opposite shapes of the surfaces of the two joints (i.e., 



Figure 8-3 Subtalar joint axis: 

(5) inversion-eversion (M, midline of leg and 
heel). 


talar surfaces: posteriorly concave, anteriorly convex; cal- 
caneal surfaces: posteriorly convex, anteriorly concave) 
that make up the subtalar joint, movement at the subta¬ 
lar joint occurs in three planes and is identified as supina¬ 
tion and pronation. In non-weight-bearing (NWB) con¬ 
ditions, when the subtalar joint is supinated, the calca¬ 
neus inverts in the frontal plane around a sagittal axis, 
adducts in the transverse plane around a vertical axis, 
and plantarflexes in the sagittal plane around a frontal 
axis. 5 Pronation includes calcaneal eversion, abduction, 
and dorsiflexion. In the clinical setting it is not possible 
to directly measure triplanar subtalar ROM. "By conven¬ 
tion, single-axis calcaneal inversion and eversion is con- 
sidered représentative of triplanar motion of the subtalar 
joint." 11(p 430) Therefore, the more easily observed move- 
ments of inversion and eversion 5 are assessed and mea- 
sured in the clinical setting to indicate subtalar joint 
ROM. 

Movement at the transverse tarsal (i.e., talocalcaneo- 
navicular and calcaneocuboid articulations), intertarsal, 
tarsometatarsal, and intermetatarsal joints (Fig. 8-1) is 
essential for normal ankle and foot function. These joints 
function to accommodate motions between the hindfoot 
and forefoot to either raise or flatten the arch of the foot, 
and thus enable the foot to conform to the supporting 
surface. In the clinical setting, it is not possible to directly 
measure movements at these joints. 
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Posterior joint 
capsule (DF) 


Anterior joint 
capsule (PF) 



Posterior 

tibiotalar 

ligament 

(DF,EV) 

Tibiocalcaneal 

ligament 

(DF,EV) 

Tibionavicular 

ligament 

(PF,EV) 


Tuberosity of 
navicular bone 


Médial 

joint capsule (EV) 


Sustentaculum 

tali 


Médial 

talocalcaneal 
ligament (EV) 


Deltoid 

ligament 

(EV) 


A 


Posterior joint 
capsule (DF) 


Contact between 
talus & tibia 


Anterior joint 
capsule (PF) 


Contact between 
talus & tibia (DF) 


Anterior talofibular 
ligament (PF,INV) 



Posterior 

talofibular 

ligament 

(DF,INV) 


Calcaneofibular 
ligament (DF,INV) 


Cervical 
ligament (INV) 

Latéral talocalcaneal 
ligament (INV) 


Latéral joint 
capsule (INV) 


B 


Figure 8-4 Normal Limiting Factors. A. Médial view of the ankle and foot showing 
noncontractile structures that normally limit motion at the ankle and subtalar joints. 

B. Latéral view of the ankle and foot showing noncontractile structures that normally 
limit motion at the ankle and subtalar joints. Motion limited by structures is identified in 
brackets, using the following abbreviations: F, flexion; E, extension; Abd, abduction; 
Add, adduction. Muscles normally limiting motion are not illustrated. 


The MTP and IP joints of the toes make up the distal 
articulations of the foot (Fig. 8-1). The MTP joints are 
ellipsoidal joints, 2 each formed proximally by the convex 
head of the metatarsal articulating with the concave base 
of the adjacent proximal phalanx. The movements at the 
MTP articulations include flexion, extension, abduction, 
and adduction. Flexion and extension movements occur 


in the sagittal plane around a frontal axis, and the move¬ 
ments of abduction/adduction occur in the transverse 
plane around a vertical axis (Fig. 8-2). The IP joints are 
classified as hinge joints, formed by the convex head of 
the proximal phalanx articulating with the concave base 
of the adjacent distal phalanx. The IP joints allow flexion 
and extension movements of the toes. 
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TABLE 8-2 

Joint Structure: Toe Movements 




Flexion 

Extension 

Abduction 

Adduction 

Articulation 1,2 

Metatarsophalangeal (MTP), 

MTP 

MTP 

MTP 


proximal interphalangeal (PIP), 

PIP 




distal interphalangeal (DIP) 

DIP 




(second to fifth toes) 




Plane 

Sagittal 

Sagittal 

Transverse 

Transverse 

Axis 

Frontal 

Frontal 

Vertical 

Vertical 

Normal 

MTP: tension in the dorsal joint 

MTP: tension in the 

MTP: tension in the 

MTP: 

limiting 

capsule, extensor muscles, 

plantar joint capsule, 

médial joint capsule, 

contact 

factors 3,4,6 * 

collateral ligaments 

plantar ligament, 

collateral ligaments, 

between 

(see Fig. 

PIP: soft tissue apposition between 

flexor muscles 

adductor muscles, 

the toes 

8-5) 

the plantar aspects of the 

PIP: tension in the 

fascia and skin of 



phalanges; tension in the dorsal 

plantar joint capsule, 

the web spaces, and 



joint capsule, collateral ligaments 

plantar ligament 

the plantar 



DIP: tension in the dorsal joint 

DIP: tension in the 

interosseous 



capsule, collateral ligaments, and 

plantar joint capsule, 

muscles 



oblique retinacular ligaments 

plantar ligament 



Normal end 

MTP firm 

MTP firm 

Firm 

Soft 

feel 3,7 

PIP soft/firm 

PIP firm 




DIP firm 

DIP firm 



Normal 

Great toe 

Great toe 



AROM 8 

MTP 0-45° 

MTP 0-70° 




IP 0-90° 

IP 0° 




Toes 2-5 

Toes 2-5 




MTP 0-40° 

MTP 0-40° 




PIP 0-35° 

IP 0° 




DIP 0-60° 




Capsular 

First MTP joint: extension, flexion 




pattern 7,10 

Second to fifth MTP joints: variable, tend to fix in extension with the IP joints in flexion 



*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here are 
based on knowledge of anatomy, clinical expérience, and available references. 



Figure 8-5 Normal Limiting Factors. Anteromedial view of the foot 
showing noncontractile structures that normally limit motion at the 
MTP and IP joints (médial collateral ligaments not shown). Motion 
limited by structures is identified in brackets, using the following 
abbreviations: F, flexion; E, extension; Abd, abduction; Add, 
adduction. Muscles normally limiting motion are not illustrated. 
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Surface Anatomy (Figs. 8-6 through 8-8) 


Structure 


Location 


1. Head of the fibula 

2. Anterior border of the tibia 

3. Achilles tendon 

4. Médial malleolus 

5. Latéral malleolus 

6. Tuberosity of the navicular 
bone 

7. Base of the fifth metatarsal 
bone 

8. Head of the first metatarsal 

9. Calcaneus 


Round bony prominence on the latéral aspect of the leg level with the tibial tuberosity. 
Subcutaneous bony ridge along the anterior aspect of the leg. 

Prominent ridge on the posterior aspect of the ankle; tendon edges are palpable proximal 
to the posterior aspect of the calcaneus. 

Prominent distal end of the tibia on the médial aspect of the ankle. 

Prominent distal end of the fibula on the latéral aspect of the ankle. 

About 2.5 cm inferior and anterior to the médial malleolus. 

Small bony prominence at the midpoint of the latéral border of the foot. 

Round bony prominence at the médial aspect of the bail of the foot, at the base of the 
great toe. 

Posterior aspect of the heel. 




Figure 8-6 Antérolatéral aspect of the leg Figure 8-7 Bony anatomy, antérolatéral 
and foot. aspect of the leg and foot. 



foot. 
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SECTION II Régional Evaluation Techniques 


Range of Motion 
Assessment and 
Measurement 


CQft Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


Ankle Dorsiflexion and 
Planta rflexion 

AROM Assessment 

Substitute Movement. Dorsiflexion—knee extension, 
toe extension. Plantarflexion—knee flexion, toe flexion. 


PROM Assessment 

Ankle Dorsiflexion 

Start Position. The patient is supine. A roll is placed 
*2™ under the knee to position the knee in about 20° to 
30° flexion and place the gastrocnemius on slack 
(Fig. 8-9A). The ankle is in the anatomical or neutral posi¬ 
tion with the foot perpendicular to the lower leg (see Fig. 
8-9B). 

Stabilization. The therapist stabilizes the tibia and fibula. 

Therapist’s Distal Hand Placement. The therapist grasps 
the posterior aspect of the calcaneus and places the fore- 
arm against the plantar aspect of the forefoot (Fig. 8-10). 

End Position. The therapist applies traction to the calca¬ 
neus and using the forearm moves the dorsal aspect of 
the foot toward the anterior aspect of the lower leg to the 
limit of ankle dorsiflexion (Fig. 8-10). 

End Feel. Dorsiflexion—firm/hard. 

Joint Glide. Dorsiflexion—convex body of the talus glides 
posteriorly on the fixed concave ankle mortise. 




Figure 8-9 A. Position of knee in 20° to 30° flexion for assessment of ankle dorsiflexion. B. Start position: ankle dorsiflexion. 



Figure 8-10 Firm or hard end feel at the limit of ankle dorsiflexion. 
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Ankle Plantarflexion 

Start Position. The patient is supine. A roll is placed 
yj p under the knee to maintain about 20° to 30° knee 
Form flexion, and the ankle is in the neutral position 
8-2 (Fig. 8-11). 

Stabilization. The therapist stabilizes the tibia and fibula. 

Therapist’s Distal Hand Placement. The therapist grasps 
the dorsum of the foot with the radial border of the index 
finger over the anterior aspects of the talus and calcaneus. 


End Position. The therapist moves the talus and calcaneus 
in a downward direction to the limit of ankle plantarflex¬ 
ion (Fig. 8-12). 

End Feel. Plantarflexion—firm/hard. 

Joint Glide. Plantarflexion—convex body of the talus 
glides anteriorly on the fixed concave ankle mortise. 




Figure 8-12 Firm or hard end feel at the limit of ankle 
plantarflexion. 
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SECTION II Régional Evaluation Techniques 


Measurement: Universal Goniometer 

Ankle Dorsiflexion and Plantarflexion 

Start Position. The patient is supine with a roll placed under 
the knee to maintain about 20° to 30° knee flexion and place 
the gastrocnemius on slack (see Fig. 8-9A). The ankle is in the 


anatomical position 0° (Fig. 8-13). Alternatively, the patient 
may be sitting with the knee flexed to 90° and the ankle in 
anatomical position (Fig. 8-14). 

Stabilization. The therapist stabilizes the tibia and fibula. 



— 


Figure 8-13 Start position for ankle dorsiflexion and 
plantarflexion. 



Figure 8-14 Alternate start position for ankle dorsiflexion and 
plantarflexion. 
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Goniometer Axis. The axis is placed inferior to the latéral 
malleolus (Fig. 8-15). This measurement may also be 
obtained by placing the axis inferior to the médial mal¬ 
leolus (not shown). 

Stationary Arm. Parallel to the longitudinal axis of the 
fibula, pointing toward the head of the fibula. 

Movable Arm. Parallel to the sole of the heel (see reference 
line Fig. 8-15), to eliminate forefoot movement from the 


measurement. In the start position described, the goni¬ 
ometer will indicate 90°. This is recorded as 0°. For 
example, if the goniometer reads 90° at the start position 
for ankle dorsiflexion and 80° at the end position, the 
ankle dorsiflexion PROM would be 10°. 

End Positions. Dorsiflexion (20°) (Fig. 8-16): The ankle is 
flexed with the dorsal aspect of the foot approximating 
the anterior aspect of the lower leg. Plantarflexion (50°) 
(Fig. 8-17): The ankle is extended to the limit of motion. 



Figure 8-15 Goniometer alignment for ankle dorsiflexion and 
plantarflexion. 




Figure 8-16 Dorsiflexion. 


Figure 8-17 Plantarflexion. 
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SECTION II Régional Evaluation Techniques 


Alternate Measurement 

This test may be contraindicated for patients with poor 
standing balance or generalized or spécifie lower extrem- 
ity weakness. 

Start Position. The patient is standing erect (Fig. 8-18). 
The nontest foot is off the ground or only lightly touch- 
ing the ground to assist with balance (Fig. 8-19). 

Stabilization. The patient uses the parallel bars or other 
stable structure for balance. The foot on the test side is 
stabilized by the patient's body weight. 

End Position. The patient is instructed to maintain the 
foot on the test side fiat on the floor, with the toes 



Figure 8-18 Alternate start position for ankle 
dorsiflexion. 


pointing forward, and to flex the knee as far as possible 
(Fig. 8-19). Note: If the soleus muscle is shortened, the 
patient will feel a muscle stretch over the posterior aspect 
of the calf and ankle dorsiflexion ROM will be restricted 
proportional to the decrease in muscle length. 

Measurement: Universal Goniometer 

The therapist measures and records the available ankle 
dorsiflexion PROM. The goniometer is placed as described 
for measuring ankle dorsiflexion ROM (see Fig. 8-15). 
Ankle dorsiflexion PROM measured in weight-bearing 
(WB) is greater than in NWB positions. If dorsiflexion is 
measured in WB, this is noted when recording the ROM. 



Figure 8-19 Goniometer measurement for ankle 
dorsiflexion. 
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Measurement: OB Goniometer 

Goniometer Placement. The strap is placed around the 
lower leg proximal to the ankle. The dial is placed on the 
latéral aspect of the lower leg (Fig. 8-20). With the patient 
in the start position, the inclination needle is aligned 
with the 0° arrow of the fluid-filled container. At the end 


position, the number of degrees the inclination needle 
moves away from the 0° arrow on the inclinometer dial is 
recorded as the ankle dorsiflexion PROM (Fig. 8-21). 
(Alternatively, a standard inclinometer can be placed on 
the anterior border of the tibia to measure ankle dorsi¬ 
flexion in standing [not shown].) 



Figure 8-20 Start position for OB goniometer 
measurement of ankle dorsiflexion. 
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SECTION II Régional Evaluation Techniques 


Subtalar Inversion 
and Eversion 

AROM Assessment 

Substitute Movement. Inversion—hip external rotation. 
Eversion—hip internai rotation. 

Measurement: Universal Goniometer 

© Start Position. The patient is supine (Fig. 8-22). A 
roll is placed under the knee to maintain slight 
Form flexion. The ankle is in the neutral position. A piece 
8-3 of paper, adhered to a fiat surface, is placed under 
the heel. A flat-surfaced object (Plexiglass or book) is 


placed against the full sole of the foot. A line is drawn 
along the Plexiglass or book as shown in Figure 8-22. 

Stabilization. The therapist stabilizes the tibia and fibula. 

End Positions. The foot is placed in inversion to the limit of 
motion (Fig. 8-23). The Plexiglass is again positioned against 
the full sole of the foot in this position and a line is again 
drawn along the Plexiglass (Fig. 8-24). The process is repeated 
at the limit of eversion AROM (Figs. 8-25 and 8-26). 

Goniometer Axis and Arms. The goniometer is placed on 
the line graphies to obtain a measure of the arc of move¬ 
ment (Figs. 8-27 and 8-28). 



Figure 8-22 Start position for foot 
inversion and eversion AROM. 



Figure 8-23 Placement of the foot in 
inversion. 



Figure 8-24 Inversion. 


T 




Figure 8-27 Completed measurements of inversion and eversion 
AROM. 



Figure 8-26 Eversion. 



f 


Figure 8-28 Goniometer placement for measurement of inversion 
AROM. 
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PROM Assessment 

Start Position. The patient is supine. The ankle is in 
l§y the neutral position (Fig. 8-29). 

Forms 

8-4, 8-5 Stabilization. The therapist stabilizes the talus imme- 
diately anterior and inferior to the médial and lat¬ 
éral malleoli. Current research 11 appears to support posi- 
tioning the ankle in dorsiflexion to assist in stabilizing 
the talus, as the wider anterior aspect of the body of the 
talus is wedged within the mortise. 

Therapist’s Distal Hand Placement. The therapist grasps 
the posterior aspect and sides of the calcaneus. 

End Positions. The therapist moves the calcaneus inward 
to the limit of inversion (Fig. 8-30) and outward to the 
limit of eversion (Fig. 8-31). 


Figure 8-29 Start position for inversion and eversion. 



End Feels. Inversion — firm; eversion — hard/firm. 

Joint Glides. Inversion — (1) posterior subtalar joint sur¬ 
faces: the convex surface of the calcaneus glides laterally 
on the fixed concave surface of the talus; (2) anterior 
subtalar joint surfaces: the concave surfaces of the middle 
and anterior facets of the calcaneus glide medially on the 
fixed convex surface of the head of the talus. Eversion —(1) 
posterior subtalar joint surfaces: the convex surface of the 
calcaneus glides medially on the fixed concave surface of 
the talus; (2) anterior subtalar joint surfaces: the concave 
surfaces of the middle and anterior facets of the calcaneus 
glide laterally on the fixed convex surface of the head of 
the talus. 



Figure 8-30 Firm end feel at the limit of inversion. 



Figure 8-31 Hard or firm end feel at the limit of eversion. 
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SECTION II Régional Evaluation Techniques 


Measurement: Universal Goniometer 


Start Position. The patient lies prone with the feet off the 
end of the plinth and the ankle in the neutral position. 
For alignment of the goniometer, the therapist marks the 
skin over the midlines of the superior aspect of the calca- 
neus posteriorly and the inferior aspect of the heel pad 
posteriorly (Fig. 8-32A). 

Stabilization. The therapist stabilizes the tibia and fibula. 

Goniometer Axis. The axis is placed over the mark placed 
at the midline of the superior aspect of the calcaneus 
(Figs. 8-32B and 8-33). 


Stationary Arm. Parallel to the longitudinal axis of the 
lower leg. 

Movable Arm. Lies along the midline of the posterior 
aspect of the calcaneus. Use the mark on the heel pad 
posteriorly to assist in maintaining alignment of the 
movable arm. 




Figure 8-33 Goniometer placement 
for inversion and eversion. Shown 
with the subtalar joint of the left foot 
in eversion. 
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End Positions. The calcaneus is passively inverted (Fig. 
8-34) and then passively everted (Fig. 8-35) to the limit of 
inversion (5°) and to the limit of eversion (5°), respec- 
tively. 



Figure 8-34 End position for measurement of 
right subtalar joint inversion. 


Figure 8-35 End position for measurement of 
right subtalar joint eversion. 
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SECTION II Régional Evaluation Techniques 


Ankle and Foot Supination/ 
Pronation: Inversion/Eversion 
Components 

The inversion and eversion components of ankle and 
foot supination and pronation occur mainly at the subta- 
lar and transverse tarsal (i.e., talocalcaneonavicular and 
calcaneocuboid) joints. 

Ankle and Foot Supination: 

Inversion Component 


AROM Assessment 

Substitute Movement. Tibial internai rotation, knee flex¬ 
ion, hip external rotation, hip abduction. 





Figure 8-36 Start position: ankle and foot 
supination: inversion component. 


PROM Assessment 


Start Position. The patient is sitting with the ankle 
and foot in anatomical position (Fig. 8-36). 

Form 

8-6 Stabilization. The therapist stabilizes the tibia and 
fibula. 

Therapist’s Distal Hand Placement. The therapist grasps 
the latéral aspect of the forefoot. 

End Position. The ankle and foot are inverted (Fig. 8-37). 
End Feel. Ankle and foot are inverted—firm. 



Figure 8-37 Firm end feel at the limit of ankle 
and foot supination: inversion component. 
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Measurement: Universal Goniometer 


Start Position. The patient is sitting with the ankle and 
foot in anatomical position. 

Stabilization. The therapist stabilizes the tibia and fibula. 

Goniometer Axis. The axis is placed anterior to the talo- 
crural (ankle) joint midway between the médial and lat¬ 
éral malleoli (Fig. 8-38). 



Figure 8-38 Goniometer alignment: ankle and 
foot supination: inversion component. 


Stationary Arm. Parallel to the midline of the tibia, point- 
ing toward the tibial tuberosity. 

Movable Arm. Parallel to the midline of the second meta- 
tarsal. 

End Position. Ankle and foot supination: inversion com¬ 
ponent (Fig. 8-39). 



Figure 8-39 End position for measurement: ankle 
and foot supination: inversion component. 
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SECTION II Régional Evaluation Techniques 


Ankle and Foot Pronation: 
Eversion Component 


AROM Assessment 

Substitute Movement. Tibial external rotation, knee exten¬ 
sion, hip internai rotation, hip adduction. 

PROM Assessment 


Start Position. The patient is sitting with the ankle 
and foot in anatomical position (Fig. 8-40). 

Form 

8-7 


Stabilization. The therapist stabilizes the tibia and fibula. 

Therapist’s Distal Hand Placement. The therapist grasps 
the médial aspect of the forefoot. 

End Position. The ankle and foot are everted (Fig. 8-41). 

End Feel. Ankle and foot eversion—firm/hard. 





Figure 8-40 Start position: ankle and foot 
pronation: eversion component. 


Figure 8-41 Firm or hard end feel at the limit of 
ankle and foot pronation: eversion component. 
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Measurement: Universal Goniometer 


Start Position. The patient is sitting with the ankle and 
foot in anatomical position. 

Stabilization. The therapist stabilizes the tibia and fibula. 

Goniometer Axis. The axis is placed anterior to the talo- 
crural (ankle) joint midway between the médial and lat¬ 
éral malleoli (Fig. 8-42). 


Stationary Arm. Parallel to the midline of the tibia, point- 
ing toward the tibial tuberosity. 

Movable Arm. Parallel to the midline of the second meta- 
tarsal. 

End Position. Ankle and foot pronation: eversion compo- 
nent (Fig. 8-43). 



Figure 8-42 Goniometer alignment: ankle and 
foot pronation: eversion component. 


Figure 8-43 End position for measurement: ankle 
and foot pronation: eversion component. 
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SECTION II Régional Evaluation Techniques 


MTP Joint Flexion and 
Extension of the Great Toe 

AROM Assessment 


Substitute Movement. MTP flexion: Ankle plantar flexion, 
MTP extension: Ankle dorsiflexion. 

PROM Assessment 


Start Position. The patient is supine. The ankle and 
Vy toes are in the neutral position (Fig. 8-44). 

Forms 

8-8,8-9 stabilization. The therapist stabilizes the first meta- 
tarsal. 


Therapist’s Distal Hand Placement. The therapist grasps 
the proximal phalanx. 

End Positions. The therapist moves the proximal phalanx 
of the great toe to the limit of MTP joint flexion (Fig. 
8-45) and MTP joint extension (Fig. 8-46). 

End Feels. MTP joint flexion — firm; MTP joint extension — 
firm. 

Joint Glides. MTP joint flexion — the concave base of the 
proximal phalanx glides in a plantar direction on the 
fixed convex head of the adjacent metatarsal. MTP joint 
extension —the concave base of the proximal phalanx 
glides in a dorsal direction on the fixed convex head of 
the adjacent metatarsal. 



Figure 8-44 Start position for MTP joint flexion and extension. 



Figure 8-45 Firm end feel at limit of MTP joint flexion of the 
great toe. 


Figure 8-46 Firm end feel at limit of MTP joint extension of the 
great toe. 
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Measurement: Universal Goniometer 


Start Position. The patient is supine or sitting. The ankle 
and toes are in the neutral position (Fig. 8-47). 

Stabilization. The therapist stabilizes the first metatarsal. 

Goniometer Axis. For MTP joint flexion, the axis is placed 
over the dorsum of the MTP joint (Fig. 8-47). For MTP 
joint extension, the goniometer axis is placed over the 
plantar aspect of the MTP joint (not shown). Alternatively, 
the axis can be placed over the MTP joint axis on the 
médial aspect of the great toe (Figs. 8-49 and 8-50). 

Stationary Arm. Parallel to the longitudinal axis of the first 
metatarsal. 

Movable Arm. Parallel to the longitudinal axis of the 
proximal phalanx of the great toe. 


End Positions. The MTP joint is flexed to the limit of MTP 
joint flexion (45° for the great toe) (Fig. 8-48). The MTP 
joint of the toe being measured is extended to the limit 
of MTP joint extension (70° for the great toe) (Figs. 8-49 
and 8-50). 


MTP Joint Flexion/Extension 
of the Lesser Four Toes 

Flexion and extension at the MTP joints of the lesser four 
toes is normally not measured using a universal goniom¬ 
eter. The MTP joints of the lesser four toes are flexed to 
the limit of MTP joint flexion (40°) and extended to the 
limit of MTP joint extension (40°). The ROM is observed 
and recorded as either full or decreased. 



Figure 8-49 MTP joint extension of the great toe. Fjgure 8 _ 50 Goniome ter alignment for MTP joint flexion and 

extension. 
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SECTION II Régional Evaluation Techniques 


MTP Joint Abduction and 
Adduction of the Great Toe 

PROM Assessment 
(MTP Joint Abduction) 


Start Position. The patient is supine. The ankle and 
great toe are in the neutral position. 

Forms 

8 - 10 , 8-11 Stabilization. The therapist stabilizes the first meta- 
tarsal. 

Therapist’s Distal Hand Placement. The therapist grasps 
the proximal phalanx of the great toe. 

End Position. The therapist moves the proximal phalanx 
to the limit of MTP joint abduction (Fig. 8-51). 

End Feel. MTP joint abduction—firm. 



Figure 8-51 Firm end feel at limit of MTP joint abduction. 



Joint Glide. MTP joint abduction—the concave base of the 
proximal phalanx glides laterally (relative to the midline 
of the foot that passes through the second toe) on the 
fixed convex head of the first metatarsal. 
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Figure 8-52 Start position for MTP joint 
abduction and adduction. 


Measurement: Universal Goniometer 


Start Position. The patient is supine or sitting. The ankle 
and toes are in the neutral position (Fig. 8-52). 

Stabilization. The therapist stabilizes the first metatarsal 
and the foot proximal to the MTP joint. 

Goniometer Axis. The axis is placed on the dorsum of the 
first MTP joint (Figs. 8-52 and 8-53). 

Stationary Arm. Parallel to the longitudinal axis of the first 
metatarsal. 

Movable Arm. Parallel to the longitudinal axis of the 
proximal phalanx of the great toe. 

End Positions. The MTP joint is abducted to the limit of 
motion (Fig. 8-54) and adducted to the limit of motion 
(Fig. 8-55). 



Figure 8-53 Start position and Figure 8-54 MTP joint abduction. Figure 8-55 MTP joint adduction, 

goniometer alignment for MTP joint 
abduction and adduction. 
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SECTION II Régional Evaluation Techniques 


IP Joint Flexion/Extension of 
the Great Toe 


Therapist’s Distal Hand Placement. The therapist grasps 
the distal phalanx of the great toe. 


AROM Assessment 

Substitute Movement. IP joint flexion: MTP joint flexion, 
ankle plantarflexion. IP joint extension: MTP joint exten¬ 
sion, ankle dorsiflexion. 

PROM Assessment 


Start Position. The patient is supine. The ankle and great 
\ toe are in the neutral position. 

Forms Stabilization. The therapist stabilizes the proximal 
8 - 12 , 8-13 phalanx of the great toe. 


End Positions. The therapist moves the distal phalanx to 
the limit of IP joint flexion (Fig. 8-56) and IP joint exten¬ 
sion (Fig. 8-57). 

End Feels. IP joint flexion — soft/firm; IP joint extension — 
firm. 

Joint Glides. IP joint flexion —the concave base of the distal 
phalanx of the great toe glides in a plantar direction on 
the fixed convex head of the proximal phalanx of the 
great toe. IP joint extension —the concave base of the distal 
phalanx of the great toe glides in a dorsal direction on the 
fixed convex head of the proximal phalanx of the great 
toe. 



Figure 8-56 Soft or firm end feel at limit of IP joint flexion. 



Figure 8-57 Firm end feel at limit of IP joint extension. 
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Measurement: Universal Goniometer 

Start Position. The patient is supine or sitting. The ankle 
and toes are in the neutral position (Fig. 8-58). 

Stabilization. The therapist stabilizes the proximal pha- 
lanx. 

Goniometer Axis. The axis is placed over the dorsal aspect 
of the IP joint for flexion (Fig. 8-58) and the plantar 
aspect of the IP joint for extension (not shown). 

Stationary Arm. Parallel to the longitudinal axis of the 
proximal phalanx. 

Movable Arm. Parallel to the longitudinal axis of the distal 
phalanx. 

End Positions. The IP joint is flexed to the limit of IP joint 
flexion (90° for the great toe) (Fig. 8-59). The IP joint is 
extended to the limit of IP joint extension (0° for the 
great toe; not shown). 


MTP and IP Joint Flexion/ 
Extension of the 
Lesser Four Toes 

The lesser four toes are flexed and extended as a group, 
and the ROM is observed and recorded as either full or 
decreased. 

Flexion and extension at the MTP and IP joints of the 
lesser four toes are normally not measured using a univer¬ 
sal goniometer. However if used, the goniometer is placed 
according to the same principles used for measuring fin- 
ger MTP and IP joint flexion and extension ROM. 



Figure 8-58 Start position for great toe IP joint flexion. 



Figure 8-59 IP joint flexion of the great toe. 
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SECTION II Régional Evaluation Techniques 


Muscle Length Assessment 

AND MEASUREMENT 


Practice Makes Perfect 

To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


Gastrocnemius 


Origins 2 

Insertion 2 

Gastrocnemius 

a. Médial head: proximal 
and posterior aspect 
of the médial condyle of 
the fémur posterior to 
the adductor tubercle. 

Via the Achilles tendon 
into the calcaneus. 

b. Latéral head: latéral 
and posterior aspect 
of the latéral condyle of 
the fémur; lower part of 
the supracondylar line. 



Start Position. The patient is standing erect with the 
lower extremity in the anatomical position. The 
Form patient is positioned facing a stable plinth or wall. 

8-14 


End Position. The patient places the nontest leg ahead of 
the test leg and leans forward to place the hands on the 
plinth or wall (Fig. 8-60). The patient is instructed to 
maintain the foot on the test side fiat on the floor, with 
the toes pointing forward, and to keep the knee in full 
extension as the leg moves over the foot. As the patient 
leans doser toward the supporting surface the leg moves 
over the foot to the limit of ankle dorsiflexion and the 
gastrocnemius is placed on full stretch. Research 12 sup¬ 
ports the use of ankle dorsiflexion PROM as an indicator 
of Achilles tendon length. 



Figure 8-60 End position for measurement of the 
length of gastrocnemius. 

















CHAPTER 8 Ankle and Foot 


371 


Measurement. If the gastrocnemius is shortened, ankle 
dorsiflexion ROM will be restricted proportional to the 
decrease in muscle length. The therapist measures and 
records the available ankle dorsiflexion PROM. 


Universal Goniometer Placement. The goniometer is placed 
as described for measuring ankle dorsiflexion ROM (Figs. 
8-61 and 8-62). 



Figure 8-61 Goniometer measurement for length of 
gastrocnemius. 



OB Goniometer Placement. The strap is placed around the 
lower leg proximal to the ankle (Fig. 8-63). The dial is 
placed on the latéral aspect of the lower leg. With the 
patient in the start position, the inclination needle is 
aligned with the 0° arrow of the fluid-filled container. At 
the end position, the number of degrees the inclination 
needle moves away from the 0° arrow on the inclinome- 
ter dial is recorded to represent the length of the gastroc¬ 
nemius muscle. 

Note: If the contralatéral (i.e., nontest) leg is not 
placed ahead of the test leg, ensure the heel of the non- 
test leg is raised slightly off the floor. This position ensures 
a true test for gastrocnemius tightness on the test side 
because the amount of forward lean the patient achieves 
will not be limited by contralatéral gastrocnemius tight¬ 
ness, if présent. 



Figure 8-63 OB goniometer measurement for 
gastrocnemius muscle length. 
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SECTION II Régional Evaluation Techniques 


Alternate Test 

Start Position. The patient is supine. The leg is in the ana- 
tomical position with the knee in extension (0°) (Fig. 
8-64). 

Stabilization. The therapist stabilizes the lower leg. 

End Position. The foot is moved to the limit of ankle dor- 
siflexion (Fig. 8-65). 

Assessment and Measurement. If the gastrocnemius mus¬ 
cle is shortened, ankle dorsiflexion ROM will be restricted 
proportional to the decrease in muscle length. The thera¬ 
pist either observes the available PROM or uses a univer¬ 
sal goniometer to measure and record the available ankle 
dorsiflexion PROM. A second therapist is required to mea¬ 
sure the PROM when using a goniometer. 

End Feel. Gastrocnemius on stretch—firm. 



Figure 8-64 Alternate start position for gastrocnemius length. 



Figure 8-65 Gastrocnemius on stretch. 
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Muscle Strength 
Assessment (Table 8-3) 




Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


TABLE 8-3 Muscle Actions, Attachments, and Nerve Supply: 
The Ankle and Foot 2 


Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

Nerve 

Nerve 

Root 

Tibialis anterior 

Ankle 

dorsiflexion 

Foot inversion 

Latéral condyle of the tibia; 
proximal half to two thirds 
of the latéral surface of 
the shaft of the tibia; 
anterior aspect of the 
interosseous membrane 

Médial and inferior surfaces 
of the médial cunieform 
bone; médial aspect of the 
base of the first metatarsal 
bone 

Deep 

peroneal 

L45 

Gastrocnemius 

Ankle 

plantarflexion 
Knee flexion 

a. Médial head: proximal 
and posterior aspect of 
the médial condyle of the 
fémur posterior to the 
adductor tubercle 

b. Latéral head: latéral and 
posterior aspect of the 
latéral condyle of the 
fémur; lower part of the 
supracondylar line 

Via the Achilles tendon into 
the calcanéum 

Tibial 

S12 

Soleus 

Ankle 

plantarflexion 

Posterior aspect of the head 
and proximal one fourth 
of the shaft of the fibula; 
soleal line and middle 
third of the médial border 
of the tibia 

Via the Achilles tendon into 
the calcanéum 

Tibial 

S12 

Tibialis 

posterior 

Foot inversion 

Upper two thirds of the 
postérolatéral surface of 
the tibia below the soleal 
line; posterior surface of 
the interosseous 
membrane; médial aspect 
of the proximal two thirds 
of the fibula 

Tuberosity of the navicular 
bone; expansions to the 
médial, intermediate, and 
latéral cuneiforms, the 
cuboid and the bases of 
the second, third and 
fourth metatarsals; 
tendinous band passes to 
the tip and distal margin of 
the sustentaculum tali 

Tibial 

L45 

Peroneus 

longus 

Foot eversion 
Ankle 

plantarflexion 

Head and upper two thirds of 
the latéral surface of the 
fibula; a few fibers from the 
latéral condyle of the tibia 

Latéral side of the base of 
the first metatarsal and 
médial cuneiform bones 

Superficial 

peroneal 

L5S1 

Peroneus 

brevis 

Foot eversion 

Lower two thirds of the 
latéral surface of the 
fibula 

Tubercle on the latéral 
aspect of the base of the 
fifth metatarsal bone 

Superficial 

peroneal 

L5S1 
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TABLE 8-3 Continuée! 

Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

Nerve 

Nerve 

Root 

Flexor hallucis 
brevis 

Flexion of the 

MTP joint of 
the great toe 

Médial part of the plantar 
surface of the cuboid 
bone and adjacent part of 
the latéral cuneiform bone 

Médial and latéral aspects of 
the base of the proximal 
phalanx of the great toe 

Médial 

plantar 

S12 

Flexor hallucis 
longus 

Flexion of the IP 
joint of the 
great toe 

Distal two thirds of the 
posterior surface of the 
fibula; posterior surface of 
the interosseous membrane 

Plantar aspect of the base of 
the distal phalanx of the 
great toe 

Tibial 

L5S12 

Flexor 

digitorum 

longus 

Flexion of the DIP 
joints of the 
latéral four toes 

Posterior surface of the 
middle three fifths of the 
tibia below the soleal line 

Plantar aspects of the bases 
of the distal phalanges of 
the latéral four toes 

Tibial 

L5S12 

Flexor 

digitorum 

brevis 

Flexion of the 

PIP joints of 
the latéral four 
toes 

Médial process of the 
calcaneal tuberosity; 
plantar fascia 

Médial and latéral aspects of 
the middle phalanges of 
the latéral four toes 

Médial 

plantar 

S12 

Flexor digiti 
minimi 
brevis 

Flexion of the 

MTP joint of 
the fifth toe 

Médial plantar aspect of the 
base of the fifth 
metatarsal; sheath of 
peroneus longus 

Latéral side of the base of 
the proximal phalanx of 
the fifth toe 

Latéral 

plantar 

S23 

Lumbricales 

Flexion of the 

MTP joints 
Extension of the 

IP joints of the 
toes 

First lumbricalis: médial 
aspect of flexor digitorum 
longus tendon; Second to 
fourth lumbricales: 
adjacent sides of the 
flexor digitorum longus 
tendons 

Médial aspects of the dorsal 
digital expansions on the 
proximal phalanges of the 
latéral four toes 

First lum¬ 
bricalis: 
médial 
plantar 
Second to 
fourth 
lumbri¬ 
cales: 
latéral 
plantar 

S23 

Abductor 

hallucis 

Abduction of the 
great toe 

Médial process of the 
calcaneal tuberosity; 
flexor retinaculum and 
plantar aponeurosis 

Médial aspect of the base of 
the proximal phalanx of 
the great toe 

Médial 

plantar 

S12 

Abductor digiti 
minimi 

Abduction and 
flexion of the 
fifth toe 

Médial and latéral 
processes of the 
calcaneal tuberosity; the 
bone between the 
tuberosities; plantar fascia 

Latéral aspect of the base of 
the proximal phalanx of 
the fifth toe 

Latéral 

plantar 

SI 23 

Dorsal 

interossei 

Abduction of the 
second, third, 
and fourth 
toes 

Flexion of the 

MTP joints 

Adjacent sides of metatarsal 
bones 

First interosseous: médial 
aspect of the base of the 
proximal phalanx of the 
second toe; second to 
fourth interossei: latéral 
aspects of the bases of 
the proximal phalanges of 
the second, third, and 
fourth toes; dorsal digital 
expansions 

Latéral 

plantar 

S23 


(continuée!) 
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TABLE 8-3 

Continuée! 





Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

Nerve 

Nerve 

Root 

Plantar 

interossei 

Adduction of the 
third, fourth, 
and fifth toes 
Flexion of the 

MTP joints 

Bases and médial aspects 
of the third, fourth, and 
fifth metatarsal bones 

Médial aspects of the bases 
of the proximal phalanges 
of the third, fourth, and 
fifth toes; dorsal digital 
expansions 

Latéral 

plantar 

S23 

Adductor 

hallucis 

Adduction of the 
great toe 

a. Oblique head: bases of 
the second, third, and 
fourth metatarsal bones; 
sheath of peroneus 
longus 

b. Transverse head: plantar 
MTP ligaments of the 
third, fourth, and fifth 
toes and the deep 
transverse metatarsal 
ligaments between them 

Latéral sesamoid bone and 
the base of the first 
phalanx of the great toe 

Latéral 

plantar 

S23 

Extensor 

hallucis 

longus 

Extension of the 

IP joint of the 
great toe 

Middle half of the médial 
surface of the fibula; 
anterior aspect of the 
interosseous membrane 

Dorsal surface of the base of 
the distal phalanx of the 
great toe 

Deep 

peroneal 

L5 

Extensor 

digitorum 

longus 

Extension of the 
MTP and IP 
joints of the 
lesser four 
toes 

Latéral condyle of the tibia; 
proximal three fourths of 
the médial surface of the 
fibula; anterior surface of 
the interosseous 
membrane 

Dorsal aspect of the base of 
the middle phalanx of the 
lesser four toes; dorsal 
aspect of the base of the 
distal phalanx of the lesser 
four toes 

Deep 

peroneal 

L5S1 

Extensor 

digitorum 

brevis 

Extension of the 
first MTP joint 
Extension of the 
phalanges of 
the middle 
three toes 

Anterior superolateral 
surface of the calcanéum 

Médial part of the muscle 
(extensor hallucis brevis): 
dorsal aspect of the base 
of the proximal phalanx of 
the great toe tendons to 
the second, third, and 
fourth toes: into the latéral 
aspect of the 
corresponding extensor 
digitorum longus tendons 

Deep 

peroneal 

L5S1 
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Ankle Dorsiflexion and 
Foot Inversion 

Against Gravity: Tibialis Anterior 

• Start Position. The patient is sitting. The ankle is in 
plantarflexion and the foot is in slight eversion 

Form (Fig. 8-66). 

8-15 

Stabilization. The lower leg is supported against the thera- 
pist's thigh and the therapist stabilizes the lower leg 
proximal to the ankle. 

Movement. The patient dorsiflexes the ankle and inverts 
the foot through full ROM (Fig. 8-67). The patient is 
instructed to keep the toes relaxed. 


Palpation. The tibialis anterior is the most médial tendon 
on the anteromedial aspect of the ankle joint or médial 
to the anterior border of the tibia. 

Résistance Location. Applied on the dorsomedial aspect 
of the forefoot (Figs. 8-68 and 8-69). 

Résistance Direction. Ankle plantarflexion and foot ever¬ 
sion. 

Substitute Movement. Extensor digitorum longus and 
extensor hallucis longus (toe extension); these muscles 
extend the toes before acting to dorsiflex the ankle. 13 
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Figure 8-68 Résistance: tibialis anterior. 


Gravity Eliminated: Tibialis Anterior 

Start Position. The patient is in a side-lying position on 
the test side. The knee is flexed to place the gastrocne- 
mius on slack, the ankle is in plantarflexion, and the foot 
is in slight eversion (Fig. 8-70). 

Stabilization. The therapist stabilizes the lower leg proxi¬ 
mal to the ankle. By placing the hand underneath the leg 
the friction of the table is eliminated. 



Figure 8-69 Tibialis anterior. 


End Position. The patient dorsiflexes the ankle and inverts 
the foot through full ROM (Fig. 8-71). 

Substitute Movement. Extensor hallucis longus and exten- 
sor digitorum longus (toe extension). 



Figure 8-70 Start position: tibialis anterior. 


Figure 8-71 End position: tibialis anterior. 
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Ankle Plantarflexion 

The gastrocnemius and soleus muscles are tested when 
ankle plantarflexion is performed with the knee in exten¬ 
sion. Gastrocnemius muscle activity and isométrie ankle 
plantarflexion strength hâve been shown to decrease 
with increasing knee flexion, most significantly at knee 
flexion angles greater than 45°. 14 Soleus muscle activity 
(evaluated at 90°, 45°, and 0° knee flexion) was greatest at 
90° knee flexion and least at full knee extension. 15 
Therefore, the more spécifie testing of the soleus muscle 
strength is performed with the knee flexed to at least 45° 
when the gastrocnemius muscle is placed on slack. 




Against Gravity: Gastrocnemius 
and Soleus 

Start Positions. Gastrocnemius (Fig. 8-72): The 
patient lies prone with the knee extended and the 
Form feet are over the edge of the plinth. The ankle is 
8-16 dorsiflexed. Soleus (Fig. 8-73): The patient lies 
prone with the knee on the test side flexed to 90°. The 
ankle is dorsiflexed. 

Stabilization. The therapist stabilizes the lower leg proxi¬ 
mal to the ankle. 

Movement. The patient plantarflexes the ankle through 
full ROM (Figs. 8-74 and 8-75). The patient is instructed 
to keep the toes relaxed. 



Figure 8-73 Start position: soleus. 



Figure 8-75 Screen position: soleus. 
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Palpation. Gastrocnemius: médial and latéral margin of the 
popliteal fossa distal to the knee joint. Soleus: on either 
side of gastrocnemius midway down the calf. 

Résistance Location. Applied on the posterior aspect of 
the calcanéum (Figs. 8-76 through 8-79). 



Figure 8-76 Résistance: gastrocnemius. 



Résistance Direction. In a downward and anterior direc¬ 
tion to dorsiflex the ankle. 

Recording. Record the grade and indicate this is an NWB 
test. 



Figure 8-78 Résistance: soleus. 



Figure 8-79 Soleus. 
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Alternate Against Gravity: 
Gastrocnemius and Soleus 

\ This test may be contraindicated for patients with 
vy poor standing balance or generalized or spécifie 
Form lower extremity weakness. 

8-17 

Start Positions. Gastrocnemius (Fig. 8-80): The patient is 
standing. The patient raises the foot off the floor on the 
nontest side. The knee on the test side is in extension 
with the foot fiat on the floor. Soleus (Fig. 8-81): The same 
position is assumed with the exception that the knee on 
the test side is flexed about 45°. 


Although knee joint test angles are on average, well 
maintained during gastrocnemius and soleus muscle test- 
ing in young subjects, 16 this may vary between individu- 
als based on âge, ability to understand instructions, and 
other factors. Knee joint position should be monitored 
during each test condition to ensure knee angles are 
maintained during the WB tests. 

Stabilization. The patient may use the parallel bars or 
other stable structure for balance but should be instructed 
not to bear weight through their hands. Alternatively, the 
therapist may provide this support. 



Figure 8-80 Alternate start position: 
gastrocnemius. 


Figure 8-81 Alternate start position: 
soleus. 
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Movement. The patient plantarflexes the ankle to go up 
on the toes (Figs. 8-82 and 8-83) and repeats the move¬ 
ment until fatigued or instructed to stop. 

Résistance. Body weight resists the movement. 

Grading. 

5 = Maintaining the heel fully off the floor through more 
than six répétitions; 

4 = Maintaining the heel fully off the floor through three 
to five répétitions with subséquent attempts resulting 
in decreased range; and 

3 = Maintaining the heel off the floor through one to two 
répétitions only with subséquent attempts resulting 
in decreased range. 

Lunsford and Perry 17 studied 203 normal subjects 
between 20 and 59 years of âge and recommended 25 
standing heel-rise répétitions be required for a grade of 5. 
Parameters for other grades were not studied. However, 
Jan and colleagues 18 studied the heel-rise capabilities of 
180 healthy sedentary subjects between 21 and 80 years 
of âge and found few could perform the 20 répétitions for 
"normal" plantarflexor muscle strength. Significant dif¬ 
férences were found in number of répétitions possible 


based on âge and sex, with heel-rise répétitions decreas- 
ing with increased âge, and women performing fewer rép¬ 
étitions than men. 

Following a recent systematic review of the litera- 
ture, 19 no general consensus and description of definitive 
standardized testing parameters or normal values of the 
heel-rise test could be established. Therefore, it is impor¬ 
tant to record the grading standard used to assess ankle 
plantarflexion strength. 

Recording. Record the grade, grading standard used, and 
indicate this is a WB test. 

Substitute Movement. (1) Soleus: flexion of the knee joint 
when testing gastrocnemius; (2) gastrocnemius: exten¬ 
sion of the knee joint when testing soleus; (3) pushing 
down on parallel bars or other support (alternate test 
only); (4) leaning body forward (alternate test only); and 
(5) when testing NWB: downward movement of the fore- 
foot or toe flexion (through the action of tibialis poste- 
rior, peroneus longus, peroneus brevis, flexor hallucis 
longus, and flexor digitorum longus) giving the appear- 
ance of ankle plantarflexion. Ensure upward movement 
of the heel. 
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Gravity Eliminated: 

Gastrocnemius and Soleus 

Start Positions. For both muscle tests, the patient is in a 
side-lying position with the nontest side lower extremity 
flexed. Gastrocnemius (Fig. 8-84): the knee is extended 
and the ankle is dorsiflexed. Soleus (Fig. 8-85): the knee is 
flexed to 90° and the ankle is dorsiflexed. 

Stabilization. The lower leg is stabilized and supported 
proximal to the ankle joint. 


End Position. The patient plantarflexes the ankle through 
full ROM for gastrocnemius (Fig. 8-86) and for soleus (Fig. 
8-87). 

Substitute Movement. Forefoot movement or toe flexion 
as described in the against gravity test. 




Figure 8-86 End position: gastrocnemius. 


Figure 8-87 End position: soleus. 
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Foot Inversion 

Against Gravity: Tibialis Posterior 

\ Accessory muscles: gastrocnemius, soleus, flexor 
digitorum longus, flexor hallucis longus, and tibia- 

Form lis anterior. 

8-18 

Start Position. The patient is in a side-lying position on 
the test side with the knee slightly flexed (Fig. 8-88). The 
foot projects over the end of the plinth. Because the tibi¬ 
alis anterior can invert the foot only from an everted 
position to the neutral position, 13 the foot and ankle are 
positioned in neutral. 

Stabilization. The therapist stabilizes the lower leg proxi¬ 
mal to the ankle. 

Movement. The patient inverts the foot through full ROM 
with slight plantarflexion (Fig. 8-89). The patient is 
instructed to keep the toes relaxed or slightly extended. 



Figure 8-88 Start position: tibialis posterior. 



Figure 8-90 Résistance: tibialis posterior. 



Figure 8-92 Start position: tibialis posterior. 


Palpation. Between the tip of the médial malleolus and 
the navicular bone or proximal and posterior to the 
médial malleolus. 

Substitute Movement. Toe flexion; tibialis anterior (ankle 
dorsiflexion). 

Résistance Location. Applied on the médial border of the 
forefoot (Figs. 8-90 and 8-91). 

Résistance Direction. Foot eversion. 

Gravity Eliminated: Tibialis Posterior 

Start Position. The patient is supine. The heel is off the 
plinth and the foot and ankle are in neutral (Fig. 8-92). 

Stabilization. The therapist stabilizes the lower leg proxi¬ 
mal to the ankle. 

End Position. The patient inverts the foot through full 
ROM with slight plantarflexion (Fig. 8-93). 

Substitute Movement. Toe flexion. 



Figure 8-89 Screen position: tibialis posterior. 




Figure 8-93 End position: tibialis posterior. 
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Foot Eversion 


plinth (Fig. 8-94). The ankle is plantarflexed and the foot 
is inverted. 


Against Gravity: Peroneus Longus 
and Peroneus Brevis 



Accessory muscles: peroneus tertius and extensor 
digitorum longus. 


Form 

8-19 Start Position. The patient is in a side-lying position 
on the nontest side with the foot over the edge of the 


Stabilization. The therapist stabilizes the lower leg proxi¬ 
mal to the ankle. 

Movement. The patient everts the foot through full ROM 
while keeping the toes relaxed (Fig. 8-95). 



Figure 8-94 Start position: peroneus longus and brevis. 



Figure 8-95 Screen position: peroneus longus and brevis. 
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Palpation. Peroneus longus: posterior to the latéral malleo- 
lus or distal to the head of the fibula. Peroneus brevis: 
proximal to the base of the fifth metatarsal on the latéral 
border of the foot. 

Substitute Movement. Extensor digitorum longus and 
peroneus tertius. 



Figure 8-96 Résistance: peroneus longus and brevis. 


Résistance Location. Applied on the latéral border of the 
foot and on the plantar surface of the first metatarsal 
(Figs. 8-96, 8-97, and 8-98). 

Résistance Direction. Foot inversion and élévation of the 
first metatarsal. 



Figure 8-97 Peroneus longus and peroneus brevis. 



Figure 8-98 Insertions of peroneus longus and peroneus brevis. 
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Gravity Eliminated: Peroneus Longus 
and Peroneus Brevis 

Start Position. The patient is supine with the heel over the 
edge of the plinth. The foot and ankle are in the inverted 
position (Fig. 8-99). 

Stabilization. The therapist stabilizes the lower leg proxi¬ 
mal to the ankle. 


End Position. The patient everts the foot through full 
ROM (Fig. 8-100). 

Substitute Movement. Peroneus tertius and extensor digi- 
torum longus. 


y 



Figure 8-99 Start position: peroneus longus and brevis. 



Figure 8-100 End position: peroneus longus and brevis. 
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TABLE 8-4 Grading for the Fingers and Toes 


Numéral 

5 

4 

3 

2 

1 

0 


Description 

The patient is able to actively move through: 

The full available ROM against maximal résistance, gravity eliminated or against gravity 
The full available ROM against moderate résistance, gravity eliminated or against gravity 
The full available ROM, gravity eliminated or against gravity 
Part of the available ROM, gravity eliminated or against gravity 

None of the available ROM, but there is a palpable or observable flicker of a muscle contraction, gravity 
eliminated or against gravity 

None of the available ROM, and there is no palpable or observable muscle contraction, gravity eliminated or 
against gravity 


Toe Movements 

Gravity is not considered to be a significant factor when 
testing the muscles of the toes. The muscles of the toes 
may be tested in either a gravity eliminated or an against 
gravity position for ail grades. Table 8-4 gives a descrip¬ 
tion of the grading for the toes. 

Isolated movement of the toes is rarely required for 
activities of daily living (ADL) and it may not be possible 
or practical to perform isolated movements for spécifie 
muscle testing of the foot, although these tests are 
described below. 


Metatarsophalangeal Flexion 

Flexor Hallucis Brevis: Great Toe and 
Lumbricales: Lesser Four Toes 

X Accessory muscles: flexor hallucis longus, flexor 
Vy digitorum longus and brevis, abductor hallucis, 
Form abductor digiti minimi, and dorsal and plantar 
8-20 interossei. 

Start Position. The patient is supine. The foot, ankle, and 
toes are in the anatomical position (Fig. 8-101). 

Stabilization. The therapist stabilizes the metatarsals. 

Movement. The patient flexes the MTP joint (s) while 
maintaining extension at the IP joint (s). The great toe is 
tested independently (Fig. 8-102) of the latéral four toes. 
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Palpation. Flexor hallucis brevis is palpated on the médial 
border of the sole of the foot. 

The lumbricales are not palpable. 

Substitute Movement. Great toe: flexor hallucis longus. 
Lesser four toes: flexor digitorum longus and brevis, 
flexor digiti minimi, and plantar and dorsal interossei. 



Figure 8-103 Résistance: flexor hallucis brevis. 


Résistance Location. Applied on the plantar surface of the 
proximal phalanges of the great toe (Figs. 8-103 and 
8-104) and the lesser four toes (Fig. 8-105). 

Résistance Direction. MTP joint extension. 




Figure 8-105 Résistance: lumbricales. 
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Interphalangeal Flexion 

Flexor Hallucis Longus: Flexion of the 
IP Joint of the Great Toe; Flexor 
Digitorum Longus: Flexion of the DIP 
Joints of the Latéral Four Toes; and 
Flexor Digitorum Brevis: Flexion of the 
PIP Joints of the Latéral Four Toes 

Start Position. The patient is supine. The foot, 
ankle, and toes are in the anatomical position (Figs. 

Form 8-106 and 8-107). 

8-21 


Stabilization. The therapist stabilizes the MTP joints of 
each toe. If the gastrocnemius and soleus are paralyzed, 
the calcanéum should be stabilized to assist in fixing the 
origin of flexor digitorum brevis. 

Movement. The great toe is tested independently of the 
latéral four toes. The patient flexes the IP joint of the 
great toe through full ROM (Fig. 8-108). The patient 
flexes the PIP and DIP joints of the latéral four toes 
through full ROM (Fig. 8-109). 
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Palpation. Flexor hallucis longus may be palpated on the 
plantar surface of the proximal phalanx of the great toe 
or inferior to the médial malleolus. The flexor digitorum 
brevis is not palpable. Flexor digitorum longus may be pal¬ 
pated on some individuals on the plantar aspect of the 
proximal phalanges. 



Figure 8-110 Résistance: flexor hallucis longus. 


Résistance Location. Applied on the plantar surface of the 
distal phalanx of the great toe (Figs. 8-110 and 8-111) and 
the distal and middle phalanges of the latéral four toes 
(Figs. 8-112, 8-113, and 8-114). 

Résistance Direction. Toe extension. 




Figure 8-114 Flexor digitorum longus and flexor digitorum brevis. 
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Metatarsophalangeal 
Abduction of the Great Toe 

Abductor Hallucis 

Start Position. The patient is supine. The ankle, 
Vj/ foot, and toes are in the anatomical position (Fig. 

Form 8-115). 

8-22 

Stabilization. The therapist stabilizes the first metatarsal 
bone. 


accompanied by some flexion, as the abductor hallucis 
abducts and flexes the MTP joint of the great toe. 

Palpation. Médial border of the foot superficial to the first 
metatarsal bone. 

Résistance Location. Applied on the médial aspect of the 
proximal phalanx of the great toe (Figs. 8-117 and 8-118). 

Résistance Direction. Great toe adduction. 


Movement. The patient abducts the great toe through 
full ROM (Fig. 8-116). The movement of abduction is 




Figure 8-115 Start position: abductor hallucis. 


Figure 8-116 Screen position: abductor hallucis. 



Figure 8-117 Résistance: abductor hallucis. Figure 8-118 Abductor hallucis. 
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Metatarsophalangeal 

Abduction 

Abductor Digitî Minimi and Dorsal 
Interossei 

These two muscles are not isolated for grading. Function 
is determined through observation of abduction of the 
latéral three toes (Fig. 8-119). This movement is associ- 
ated with flexion of the MTP joints. The therapist stabi- 
lizes the great toe. 


Figure 8-119 Observation of abductor digiti minimi and dorsal 
interossei. 
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Metatarsophalangeal and 
Interphalangeal Extension 

Extensor Hallucis Longus: IP Extension 
of the Great Toe; Extensor Digitorum 
Brevis: MTP and IP Extension of the 
Middle Three Toes and MTP Extension 
of the Great Toe; and Extensor 
Digitorum Longus: MTP and IP 
Extension of the Latéral Four Toes 

Start Position. The patient is supine. The ankle is in 
VÏ/ the neutral position and the toes are flexed (Figs. 

Form 8-120 and 8-121). 

8-23 

Stabilization. The therapist stabilizes the metatarsals. 

Movement. The patient extends the great toe through full 
ROM (Fig. 8-122). The patient extends the latéral four 
toes through full ROM (Fig. 8-123). It may be difficult for 
the patient to extend the great toe and the latéral four 
toes separately; therefore, the toes may hâve to be tested 
as a group. 


Palpation. The extensor hallucis longus is palpated on the 
dorsal aspect of the first MTP joint or on the anterior 
aspect of the ankle joint latéral to the tendon of tibialis 
anterior. Extensor digitorum brevis is palpated on the dor- 
solateral aspect of the foot anterior to the latéral malleo- 
lus. Extensor digitorum longus is palpated on the dorsal 
aspect of the metatarsal bones of the latéral four toes or 
on the anterior aspect of the ankle joint latéral to the 
tendon of extensor hallucis longus. 

Note: The extensor digitorum brevis does not insert 
into the fifth toe; therefore, decreased extension 
strength of this toe indicates weakness of the extensor 
digitorum longus. 20 The portion of the extensor digito¬ 
rum brevis that inserts into the base of the proximal 
phalanx of the great toe produces MTP joint extension 
of the great toe. 



Figure 8-120 Start position: extensor hallucis longus and extensor 
hallucis brevis. 


Figure 8-122 Screen position: extensor hallucis longus and 
extensor hallucis brevis. 



Figure 8-121 Start position: extensor digitorum longus and brevis. Figure 8-123 Screen position: extensor digitorum longus and 

brevis. 
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Résistance Location. Extensor hallucis longus and extensor 
hallucis brevis (Figs. 8-124 and 8-125): applied over the 
dorsal aspect of the distal phalanx of the great toe. 
Extensor digitorum longus and brevis (Figs. 8-126 and 



Figure 8-124 Résistance: extensor hallucis longus and brevis. 



Figure 8-126 Résistance: extensor digitorum longus and brevis. 


8-127): applied over the dorsal surface of the latéral four 
toes. 

Résistance Direction. Toe flexion. 



Figure 8-125 Extensor hallucis longus and brevis and extensor 
digitorum brevis. 



Figure 8-127 Extensor digitorum longus and extensor digitorum 
brevis. 
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Functional Application 


Joint Function 

The foot functions as a flexible base to accommodate 
rough terrain 13 and functions as a rigid lever during ter¬ 
minal stance of the walking pattern. 5 In transmitting 
forces between the ground and the leg, the foot absorbs 
shock. 13 With the foot planted, the ankle and foot elevate 
the body, and when off the ground, the foot is used to 
manipulate machinery. 13 When weight is taken through 
the foot, the MTP joints allow movement of the rigid foot 
over the toes. 5 


Functional Range of 
Motion (Table 8-5) 

Ankle Dorsiflexion and Plantarflexion 

The normal AROM of the ankle joint is 20° dorsiflexion 
and 50° plantarflexion. However, ankle dorsiflexion ROM 
measured in WB (e.g., on stairs, when rising from sitting, 
squatting, and kneeling) is greater than in NWB posi¬ 
tions. The full range of ankle dorsiflexion is necessary to 
descend stairs (Fig. 8-128). Rising from sitting (Fig. 8-129) 
also requires significant ankle dorsiflexion ROM (i.e., an 
average of 28° 21 ). Ankle dorsiflexion ROM is utilized by 
non-Western cultures accustomed to performing ADL 
such as kneeling and squatting. 25 



Figure 8-128 Full range of ankle dorsiflexion is required to 
descend stairs. 


Full ankle plantarflexion may be required when climb- 
ing, jumping, or reaching high objects (Fig. 8-130). Less 
than the full range of ankle plantarflexion may be used to 
perform activities such as depressing the accelerator of a 
motor vehicle (Fig. 8-131) or the foot pedals of a piano, 
and wearing high-heeled shoes. Cross-legged sitting, a 
position essential in ADL used by Asian and Eastern cul¬ 
tures requires less than full ankle plantarflexion ROM of 
about 26° 25 to 29°. 26 

Livingston, Stevenson, and Olney 22 found that maxi¬ 
mum ankle dorsiflexion ROM requirements to ascend 
and descend stairs ranged between averages of 14° and 
27° to ascend and 21° and 36° to descend stairs. The 


TABLE 8-5 Ankle and Great Toe ROM Required for Selected ADL 


Activity 

Ankle Dorsiflexion 

Ankle Plantarflexion 

Great Toe MTP Extension 

Rising from sitting* 

O 

00 

C\J 



Ascending stairs 1 

14-27° 

23-30° 


Descending stairs 1 

21-36° 

24-31° 


Walking 

10°* 

++ 

O 

O 

C\J 

90° 23 

Running § 

17° 

32° 


Sitting cross-legged 


26 25 -29° 26 


Kneeling with ankles 
dorsiflexed 

40° 25 



Squatting with heels down 

39° 25 




* Average of young and elderly average values from original source. 21 

f Ankle dorsiflexion and plantarflexion ROM values for 15 subjects during ascent and descent of three stairs of different dimensions. Maximum 
ankle dorsiflexion and plantarflexion requirements varied depending on the stair dimensions and subject height. 22 

*Data from the Rancho Los Amigos gait analysis forms as cited in the work of Levangie and Norkin. 5 

§ There were no différences in average ankle ROM at fast-paced (faster than a 7.5-minute mile) and slow-paced (slower than an 8-minute mile) 
running. 24 
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Figure 8-131 Ankle plantarflexion is used to depress the 
accelerator of a motor vehicle. 


average maximum ankle plantarflexion ROM require- 
ments ranged from 23° to 30° to ascend and 24° to 31° to 
descend stairs. 22 

Movements of the Foot 


Figure 8-129 Ankle dorsiflexion is required to rise 
from sitting. 



Figure 8-130 Toe extension, ankle 
plantarflexion, and contraction of the ankle 
plantarflexors. 


The AROM of the subtalar joint is 5° each for inversion 
and eversion without forefoot movement. The ranges of 
inversion and eversion may be augmented by forefoot 
movement of 35° and 15°, respectively. The subtalar, 
transverse tarsal joints, and joints of the forefoot must be 
fully mobile to allow the foot to accommodate to varying 
degrees of rough terrain (Fig. 8-132). With the foot across 
the opposite thigh, inversion is required to inspect 
the foot. 

In standing, the MTP joints are in at least 25° exten¬ 
sion due to the downward slope of the metatarsals. 2 
Ranges approximating the full 90° of extension of the 
MTP joint of the great toe are required for many ADL. 23 
Extension of the great toe and lesser four toes is essential 
for activities such as rising onto the toes to reach high 
objects (see Fig. 8-130) and squatting (Fig. 8-133). For 



Figure 8-132 The mobile joints of the ankle and foot 
accommodate rough terrain. 
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Figure 8-133 Extension of the toes is essential for 
squatting. 


most ADL ; only a few degrees of flexion are required at 
the great toe. 23 There appears to be no significant func- 
tion that can be attributed to abduction and adduction at 
the MTP joints. 5 

Gait 

Normal walking (see Appendix D) requires a maximum of 
10° of ankle dorsiflexion at midstance to terminal stance 
as the tibia advances over the fixed foot and a maximum 
of 20° of plantarflexion at the end of preswing (from the 
Rancho Los Amigos gait analysis forms as cited in the 
work of Levangie and Norkin 5 ). At the MTP joint of the 
great toe, almost 90° of extension is required at pre¬ 
swing. 23 Extension of the lesser four toes is also required. 23 
Extension of the toes stretches the plantar aponeurosis, 
resulting in significant longitudinal arch support. 27 

Running requires a range of ankle joint motion from 
an average of 17° dorsiflexion at midstance to an average 
32° maximum ankle plantarflexion at early swing. 24 Ankle 
ROM was the same when fast-paced running was com- 
pared to slow-paced running. 24 


Muscle Function 

Ankle Plantarflexion 

The triceps surae muscles, gastrocnemius and soleus, are 
the primary plantarflexors at the ankle joint. The gastroc¬ 
nemius crosses the knee joint and is most effective as a 
plantarflexor when the knee is extended. 28 Gastrocnemius 
muscle activity and isométrie ankle plantarflexion 
strength hâve been shown to decrease with increasing 


knee flexion, most significantly at knee flexion angles 
greater than 45°. Herman and Bragin 29 found the gastroc¬ 
nemius contributes to plantarflexion when the ankle is in 
the plantarflexed position, when tension is developed 
rapidly, and when strong contraction is required. 

Soleus muscle activity has been shown to be greatest 
at 90° knee flexion and less at full knee extension. 15 The 
soleus is mainly active in plantarflexing the ankle when 
the ankle is in a dorsiflexed position and when the con¬ 
traction is minimal. 29 Tibialis posterior, flexor hallucis 
longus, flexor digitorum longus, and peroneus longus 
and brevis act as accessory plantarflexors at the ankle 
joint. The actions of the plantarflexors are illustrated in 
activities where the ankle is plantarflexed against résis¬ 
tance, for example, rising onto the toes (see Fig. 8-130), 
jumping, and depressing the gas pedal of a motor vehicle 
(see Fig. 8-131). The ankle plantarflexors also contract 
when movement is forced at the extreme of plantarflex¬ 
ion, such as when pulling on a sock. With the foot fixed 
on the ground, the plantarflexors control ankle dorsiflex¬ 
ion when descending stairs 30 (see Fig. 8-128). 

Ankle Dorsiflexion 

The dorsiflexors of the ankle include the tibialis anterior, 
extensor hallucis longus, extensor digitorum longus, and 
peroneus tertius. The function of the tibialis anterior is to 
initiate ankle dorsiflexion. 31 The tibialis anterior and 
extensor hallucis longus are strong dorsiflexors compared 
to the extensor digitorum longus and peroneus tertius. 32 
The dorsiflexors contract and maintain the ankle in a 
dorsiflexed position in activities such as cutting toenails 
or tying shoelaces. These muscles also contract to control 
ankle plantarflexion when lowering the foot onto the 
ground, as illustrated when slowly tapping the foot on 
the floor and at loading response in the gait cycle (see 
Appendix D). When rising from the sitting to the stand¬ 
ing position with the foot planted on the ground, the 
dorsiflexors contract to stabilize the tibia on the tarsus. 33 

Inversion and Eversion 

The tibialis posterior, flexor hallucis longus, flexor digito¬ 
rum longus, soleus, gastrocnemius, and tibialis anterior 
are responsible for inversion. The tibialis posterior is the 
principle invertor of the foot. The gastrocnemius and 
soleus muscles produce inversion of the calcaneus with 
plantarflexion of the ankle. 13 Opinions vary concerning 
the contribution made by tibialis anterior in inverting 
the foot. The line of action of tibialis anterior is along the 
subtalar joint axis 28 for inversion and eversion. For this 
reason, Soderberg 28 indicates there is no motion pro- 
duced by the tibialis anterior around the subtalar joint 
axis. Smith, Weiss, and Lehmkuhl 13 State that tibialis 
anterior and the long toes flexor muscles may be weak 
invertors of the foot from a position of eversion to neu- 
tral position. O'Connell 31 concluded that the tibialis 
anterior only functions as an invertor when the médial 
border of the foot is elevated simultaneously. The action 
of the invertors is illustrated when the foot is positioned 
across the opposite thigh to inspect the foot for skin 
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condition or when walking across rough terrain when the 
invertors assist in stabilizing the foot (see Fig. 8-132). 

The peroneus longus and peroneus brevis, assisted by 
the extensor digitorum longus and peroneus tertius, per¬ 
forai eversion. The action of the evertors is illustrated 
when walking across rough ground (see Fig. 8-132). 

Toe Flexion and Extension 

The flexors of the great toe include the flexor hallucis 
longus, flexor hallucis brevis, and abductor hallucis bre¬ 
vis. The abductor hallucis brevis flexes the MTP joint and 
extends the IP joint of the great toe. 34 The flexor digito¬ 
rum longus and flexor digitorum brevis flex the lesser 
four toes. The flexor digiti minimi and abductor digiti 
minimi also assist in flexion of the fifth toe. The toe flex¬ 
ors function so that the great toe presses firmly on the 
ground and the other four toes grip the ground to help 
maintain balance during unilatéral stance 35 or when 
standing on the toes (see Fig. 8-130). The toe flexors con- 
tract eccentrically to control passive toe extension that 
occurs when crouching to pick up an object from the 
ground or walking. 

The extensor apparatus of the foot is similar to the 
extensor apparatus of the hand. The extensors of the 
great toe include the extensor hallucis longus, extensor 
hallucis brevis, and abductor hallucis brevis. The extensor 
digitorum longus and extensor digitorum brevis extend 
the lesser four toes at the MTP joints. There is no extensor 
digitorum brevis to the fifth toe, but fibers from the 
abductor digiti minimi and flexor digiti minimi muscles 
make attachment to the dorsal digital expansion of the 
fifth toe 34 to assist with extension. The lumbricales and 
the interossei simultaneously flex the MTP joints and 
extend the IP joints of the lesser four toes. The toe exten¬ 
sors contract during walking and climbing stairs. The 
action of the toe extensors is illustrated when one extends 
the toes and maintains this position to eut the toenails. 

Maintenance of the Arches 

Unlike the hand, the intrinsic muscles of the foot do not 
perform spécifie functions but usually work as a group 
along with the extrinsic muscles to perform gross function. 
The intrinsic muscles function to stabilize the foot during 
propulsion. 36 Mann and Inman 36 explain that the main 
intrinsic muscles (abductor hallucis, flexor hallucis brevis, 
flexor digitorum brevis, and abductor digiti minimi) form 
the main muscle support of the arch by exerting a strong 
flexion force on the forefoot, to help stabilize the transverse 
tarsal joint. The intrinsic muscles contract to stabilize the 
foot when weight is taken through the forefoot in activities 
such as standing on the toes (see Fig. 8-130) or ascending 
and descending stairs or a ramp. The triceps surae, pero¬ 
neus longus and brevis, and tibialis anterior and posterior 
contract with the intrinsic muscles to make the foot more 
rigid for activities such as running and climbing. 37 

Standing Posture 

In standing, the line of gravity falls anterior to the ankle 
joint axis creating a dorsiflexion torque. 32 The dorsiflexion 


torque is opposed by the soleus muscle as it contracts to 
pull the tibia in a posterior direction. 32 Muscle activity is 
not required to support the arches of the foot when 
standing. 36 

Gait 

The following description of muscle function during the 
gait cycle is based on the work of Norkin and Levangie, 32 
and Inman, Ralston, and Todd. 38 The ankle dorsiflexors 
contract during the swing phase of the gait cycle to allow 
the foot to clear the ground. The tibialis anterior, exten¬ 
sor hallucis longus, and extensor digitorum longus con¬ 
tract concentrically to dorsiflex the ankle from preswing 
through midswing and then contract isometrically to 
hold the foot in this position. These same muscles con¬ 
tract eccentrically to control the lowering of the foot 
onto the floor from initial contact through loading 
response during the stance phase of the gait cycle. 

The gastroenemius and soleus muscles contract eccen¬ 
trically from loading response to terminal stance to con¬ 
trol ankle dorsiflexion produced by the forward move- 
ment of the tibia over the fixed foot as the body advances 
forward. In preswing the gastroenemius, soleus, peroneus 
longus, peroneus brevis, and flexor hallucis longus con¬ 
tract concentrically and the heel is raised off the ground. 
Peroneus longus Controls balance during normal gait, 
most notably at slower walking speeds. 39 

The intrinsic muscles of the foot contract during the 
stance phase of the gait cycle. 36 The contraction of the 
intrinsic muscles coincides with the period in the gait 
cycle when the foot requires maximal stability. 

Reber and associâtes 40 describe the ankle muscle activ¬ 
ity during running. 
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Chapter 



Head, Neck, 
and Trunk 


Articulations and 
Movements: Head and Neck 

The articulations and joint axes of the temporomandibu- 
lar joint (TMJ) and cervical spine are illustrated in Figs. 
9-1, 9-2, and 9-3. The joint structure and movements 
of the TMJ and cervical spine are described below and 
summarized in Tables 9-1 and 9-2. 


The Temporomandibular 
Joints 

The TMJs, located on each side of the head just anterior 
to the ears, are individually described as condylar joints 
and together form a bicondylar articulation, 2 being 
linked via the mandible (lower jaw). The TMJs are evalu- 
ated together as a functional unit. The articular surfaces 
of the TMJ are incongruent mates, but an articular dise 
positioned between these surfaces promotes congruency 



Figure 9-1 TMJ and cervical spine articulations. 
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Figure 9-2 (1) TM J axis: elevation- 
depression. (2) Cervical spine axis: flexion- 
extension. 



Figure 9-3 Cervical spine axes: (3) 
rotation; (4) latéral flexion. 


and divides the TMJ into upper and lower compartments 
(Fig. 9-4C). 

The upper compartment of each TMJ is formed supe- 
riorly by the concave mandibular fossa and the convex 
temporal articular eminence that lies anterior to the 
fossa. These bony surfaces together form the superior TMJ 
surface and articulate with the reciprocally shaped supe¬ 
rior surface of the articular dise, which is anteroposteri- 
orly concavoconvex. The inferior surface of the articular 
dise is concave and mated with the convex condyle of the 
mandible to form the lower compartment of the TMJ. 

Simultaneous movement of the TMJs produces déprés¬ 
sion (to open the mouth), élévation (to close the mouth), 
protrusion, retraction, or latéral déviation of the mandi¬ 
ble. Elévation and dépréssion of the mandible occur in 
the sagittal plane with movement around a frontal axis 
(Fig. 9-2). On mouth opening, a two-part sequence of 
motion occurs within the lower compartment of each 
TMJ. First, the mandibular condyle rotâtes, and glides for- 
ward and downward on the articular dise. Second, because 
of the posterior attachment of the dise to the mandibular 
condyle, both structures move together anteriorly. 2 
This motion results in the anterior gliding of the articular 
dise over the temporal joint surfaces within the upper 
compartment. 2 These motions are reversed with mouth 
closing. 

When the lower jaw is protracted and retracted, the 
articular dise of each TMJ moves with the mandibular 
condyle 2 as the mandible moves in the transverse plane 
anteriorly and posteriorly, respectively. Movement within 
the upper compartment of each TMJ occurs between the 
articular dise and the temporal bone. 14 


Latéral déviation of the mandible includes rotation of 
the mandibular condyle in the mandibular fossa on the 
side toward which the déviation occurs and a gliding for- 
ward of the contralatéral mandibular condyle over the 
mandibular fossa and temporal articular eminence. 2 


The Neck: Cervical Spine 

There are seven vertebrae that make up the cervical spine 
(Fig. 9-1). The third through seventh vertebrae (C3-C7) 
hâve a similar structure, and Cl and C2 each hâve a dif¬ 
ferent structure. 

The first cervical vertebra, also referred to as Cl or the 
atlas, articulâtes with the occiput of the skull via the 
atlanto-occipital joints (Figs. 9-1 and 9-5A). These joints 
are formed superiorly by the convex condyles of the 
occiput articulating with the concave superior articular 
facets of Cl, which lie in the transverse plane and face 
superiorly and medially. The orientation of the facets 
détermines the motion at the atlanto-occipital articula¬ 
tions. The main movements being flexion and extension, 
there is slight latéral flexion, 14 and no rotation. 15 

There are three atlanto-axial articulations between the 
atlas (Cl) and the axis (C2) (Figs. 9-1 and 9-5). A pivot is 
formed 2 between the odontoid process (dens) of C2 as it 
articulâtes anteriorly with the concave posterior surface 
of the anterior arch of Cl, and posteriorly with the 
cartilaginous posterior surface of the transverse ligament. 
The transverse ligament retains the odontoid process in 
place. There are two facet joints, one on each side between 
Cl and C2, which lie posterior to the transverse ligament 
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TABLE 9-1 Joint Structure: Jaw Movements 



Opening of the 

Mouth (Dépréssion 
of the Mandible) 

Closing of 
the Mouth 
(Occlusion) 

Protrusion 

Retrusion 

Latéral 

Déviation 

Articulation 1,2 

Temporomandibular (TM) 

TM 

TM 

TM 

TM 

Plane 

Sagittal 

Sagittal 

Horizontal 

Horizontal 

Horizontal 

Axis 

Frontal 

Frontal 




Normal limiting 
factors 2,3 * 

(see Fig. 9-4) 

Tension in the latéral/ 
temporomandibular 
ligament and the 
retrodiscal tissue 

Occlusion or 
contact of 
the teeth 

Tension in the latéral/ 
temporomandibular, 
sphenomandibular, 
and stylomandibular 
ligaments 


Tension in the 
latéral/ 

temporoman¬ 
dibular ligament 

Normal AROIVF 
(ru 1er) 

35-50 cm 4 

Contact of 
teeth 

3-7 mm 5 


10-15 mm 4 

Capsular 

pattern 4,6 

Limitation of mouth opening 





*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here are 
based on knowledge of anatomy, clinical expérience, and available references. 

t AFlOM, active range of motion. 


in the transverse plane. Each of the inferior facets of Cl 
articulâtes with a superior facet of C2. The orientation of 
the facets results in rotation being the primary motion at 
the atlanto-axial joints. Most of the rotation of the cervi¬ 
cal spine occurs at the atlanto-axial joints. 15 

From C2 to C 7, a vertébral segment consists of two 
vertebrae and the three articulations between these verte- 
brae. Anteriorly, the intervertébral dise is positioned 
between the adjacent vertébral bodies (Fig. 9-5B and C). 
Two facet joints are located posteriorly on each side of 
the vertébral segment. Each facet joint (Fig. 9-1) is formed 
by the inferior facet of the superior vertebra (oriented 
inferiorly and anteriorly) and the superior facet of the 
inferior vertebra (oriented superiorly and posteriorly). 
The surfaces of the facet joints lie at an angle of about 45° 


to the transverse plane. The orientation of the facets from 
C2 through C7 permits cervical spine flexion, extension, 
latéral flexion, and rotation. 

When assessing cervical spine range of motion 
(ROM), the combined motions of the segments between 
the occiput and C7 are assessed and measured, since seg¬ 
mentai motion cannot be measured clinically. Cervical 
spine movements include neck flexion and extension, 
which occur in the sagittal plane about a frontal axis 
(Fig. 9-2); latéral flexion, which occurs in the frontal 
plane around a sagittal axis (Fig. 9-3); and rotation, 
which occurs in the transverse plane around a vertical 
axis (Fig. 9-3). About 40% of cervical flexion and 60% of 
cervical rotation occur at the occiput/Cl/C2 complex of 
the cervical spine. 16 
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Figure 9-4 Normal Limiting Factors: TMJ. (A) Latéral view, (B) médial view (sagittal section), and (C) sagittal section showing 
noncontractile structures that normally limit motion. Motion limited by structures is identified in brackets, using the following abbreviations: 
D, dépréssion of mandible; O, occlusion; P, protrusion; LD, latéral déviation. 
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TABLE 9-2 Joint Structure: Cervical Spine Movements 



Flexion 

Extension 

Latéral Flexion 

Rotation 

Articulation 1,2 

Atlanto-occipital 

Atlanto-occipital 

Atlanto-occipital 

Atlanto-occipital 


Atlantoaxial 

Atlantoaxial 

Intervertébral (with 

Atlantoaxial 


Intervertébral 

Intervertébral 

rotation) 

Intervertébral (with 
latéral flexion) 

Plane 

Sagittal 

Sagittal 

Frontal 

Transverse 

Axis 

Frontal 

Frontal 

Sagittal 

Vertical 

Normal limiting 

Tension in the tectorial 

Tension in the anterior 

Tension in the alar 

Tension in the alar 

factors 7,8 * 

membrane, posterior 

longitudinal ligament 

ligament limits 

ligament limits 

(see Fig. 9-5) 

atlantoaxial ligament, 

and anterior 

latéral flexion to the 

rotation to the 


posterior longitudinal 

atlantoaxial neck 

contralatéral side; 

ipsilateral side; 


ligament, ligamentum 

muscles; anterior 

latéral fibers of 

tension in the 


nuchae, ligamentum 
flavum, posterior 
neck muscles, and 
posterior fibers of 
annulus; contact 
between anterior rim 
of foramen magnum 
of skull and dens 
(atlanto-occipital 
joint) 

fibers of annulus; 
bony contact between 
the spinous 
processes 

annulus; uncinate 
processes 

annulus fibrosis 

Normal AROM 





CROM 9t 

0-45° 

0-65° 

0-35° 

0-60° 

Tape 

3 cm 

20 cm 

13 cm 

11 cm 

Measure 10,11 * 





Inclinometer 12 

0-50° 

0-60° 

0-45° 

0-80° 

Universal 

0-45° 

0-45° 

0-45° 


Goniometer 13 






*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here are 
based on knowledge of anatomy, clinical expérience, and available references. 

t AFlOM for 337 healthy subjects between 11 and 97 years of âge. Values represent the means of the mean values (rounded to the nearest 5°) 
from each âge group as derived from the original source. 9 

*Values represent the mean (rounded to the nearest cm) of the mean values derived from both studies. 10,11 
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Base of 
occipital bone 


Tectorial 

membrane Atlanto-occipital 
(eut) (F) joint 


Alar 
ligaments 
(LF, R) 


Transverse 
ligament 
of atlas 



Atlas 

(Cl) 


- Posterior 
longitudinal 
ligament (F) 


Uncinate 
processes (LF) 


Anterior border 
of foramen 
magnum (F) 


Vertébral 



Ligamentum 
nuchae (F) 


Superior articular 
facet 


Spinous 



Anterior 


Ligamentum 
flavum (F) 


D|JIIIUUt> Tj 

processes (E) j!/ 


Posterior > 
longitudinal 
ligament (F) 


Atlas 


Dens 
of axis (F) 


Anterior 
longitudinal 
ligament (E) 


Intervertébral 
dise (annulus 
fibrosus) 
(F,E,LF,R) 


Figure 9-5 Normal Limiting Factors. (A) Posterior view (frontal section) of the occiput and upper cervical spine, 

(B) superior view of a cervical vertebra, and (C) sagittal section of the occiput and cervical spine (Cl-4) showing 
noncontractile structures that normally limit motion. Motion limited by structures is identified in brackets, using the 
following abbreviations: F, flexion; E, extension; LF, latéral flexion; R, rotation. Muscles normally limiting motion are not 
illustrated. 
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Surface Anatomy: Head and Neck (Figs. 9-6 through 9-9) 


Structure 


Location 


1. Suprasternal (jugular) 
notch 

2. Thyroid cartilage 

3. Hyoid bone 

4. Angle of the mandible 

5. Angle of the mouth 

6. Nasolabial fold 

7. Temporomandibular joint 

8. Mastoid process 

9. Acromion process 

10. Spine of the scapula 

11. C7 spinous process 

12. Tl spinous process 

13. Lobule of the ear 


The rounded dépréssion at the superior border of the sternum and between the médial ends 
of each clavicle. 

The most prominent laryngeal cartilage located at the level of the fourth and fifth cervical 
vertebrae; subcutaneous projection (Adam’s apple). 

A submandibular U-shaped bone located above the thyroid cartilage at the level of the third 
cervical vertebra; the body is felt in the midline below the chin at the angle formed 
between the floor of the mouth and the front of the neck. 

The angle of the lower jaw located medially and distally to the earlobe. 

The latéral angle formed by the upper and lower lips. 

The fold of skin extending from the nose to the angle of the mouth. 

The joint may be palpated anterior to the tragus of the external ear during opening and 
closing of the mouth. 

Bony prominence of the skull located behind the ear. 

Latéral aspect of the spine of the scapula at the tip or point of the shoulder. 

The bony ridge running obliquely across the upper four fifths of the scapula. 

Often the most prominent spinous process at the base of the neck. 

The next spinous process inferior to the C7 spinous process. 

The soft lowermost portion of the auricle of the ear. 
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Figure 9-6 Antérolatéral aspect of the head and neck. 




Figure 9-7 Surface anatomy, antérolatéral aspect of the 
head and neck. 



Figure 9-8 Postérolatéral aspect of the head and neck. 


Figure 9-9 Bony anatomy, postérolatéral aspect of the 
head and neck. 
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Instrumentation and 
Measurement Procedures: 
TMJ and Spine 


Active ROM (AROM) measurements of the TMJs are made 
using a ruler or calipers. Instruments used to measure 
spinal AROM include the tape measure, standard incli- 
nometer, the Cervical Range-of-Motion Instrument 
(CROM) 17 (Performance Attainment Associates, Roseville, 
MN), the Back Range-of-Motion Instrument (BROMII), 
and the universal goniometer. These instruments and the 
general principles for use of each instrument are described, 
with the exception of the universal goniometer and OB 
"Myrin" goniometer that are described in Chapter 1. 


Tape Measure/Ruler/Calipers 

A ruler or calipers are used to measure the AROM of the 
TMJs, and a tape measure is commonly used to measure 
AROM of the spine. 


Measurement Procedure: Tape 
Measure/Ruler 

A linear measurement of AROM is obtained using a tape 
measure and one of the following three methods: 

Method 1 (Fig. 9-10): The patient moves to the end 
position for the motion being tested. Using a tape 
measure, the therapist measures the distance between 
two specified anatomical landmarks or a specified ana- 
tomical landmark and a stationary external surface, 
such as the plinth or floor to détermine the ROM in 
centimeters. 

Method 2 (Fig. 9-11): The distance between two speci¬ 
fied vertébral levels is measured at the start position 
and at the end position for the ROM being measured. 
The différence between the two measures is the ROM 
in centimeters. 

Method 3 (Fig. 9-12); The location of an anatomical 
landmark that moves with the test motion is marked 
on a stationary part of the body at the start and at the 
end of the ROM. The distance between the marks is 
the ROM for the movement. 



Figure 9-10 Tape measure method 1: the distance measured between (A) two anatomical landmarks, e.g., neck 
extension AROM, or (B) an anatomical landmark and an external surface, for example, the plinth for thoracolumbar 
extension AROM. 
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Figure 9-11 Tape measure method 2: e.g., thoracolumbar flexion AROM the différence 
between the distances measured between the two vertébral levels S2 and C7 at the (A) start 
position and (B) end position, is the AROM for thoracolumbar flexion. 



Figure 9-12 Tape measure method 3: e.g., trunk latéral flexion AROM - the location of the tip of the third finger is marked on the 
thigh at the (A) start position, (B) end position, and (C) the distance between the marks is the AROM for trunk latéral flexion. 
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Standard Inclinometer 

The standard inclinometer contains a gravity-dependent 
needle and a 360° protractor scale (Fig. 9-13). On some 
inclinometers, the protractor scale can be rotated so that 
the gravity inclination needle is zeroed at the start position 
for the measured motion. In this case, the final position of 
the inclination needle relative to the protractor scale pro¬ 
vides the ROM or joint position in degrees. If the needle 
cannot be zeroed, the ROM will be recorded as the différ¬ 
ence in degrees between the readings on the inclinometer 
at the start and end positions for the assessed motion. 

The therapist normally holds the standard inclinom¬ 
eter in place over an anatomical landmark(s). The surface 
of the inclinometer placed in contact with the patient 
may consist of a fixed fiat surface, fixed feet, or adjustable 
feet. Adjustable feet (see Fig. 1-30) facilitate placement of 
the inclinometer over curved body surfaces. The American 
Medical Association (AMA) 12 has advocated using the 
inclinometer to evaluate spinal ROM when evaluating 
permanent impairment of the spine. One or two standard 
inclinometers may be used to assess ROM. 


Measurement Procedure: 

Standard Inclinometer 

Single Inclinometry (Fig. 9-13). One inclinometer is nor¬ 
mally used to assess the AROM when either the proxi¬ 
mal or distal joint body segment is stabilized. With the 
patient in the start position, the inclinometer is posi- 
tioned in relation to a specified anatomical landmark, 
normally located on the distal end of the moving joint 
segment. If possible, the protractor of the inclinometer 
is adjusted to 0° in the start position, or the reading on 
the inclinometer is noted. The patient is instructed to 
move through the AROM. At the end of the move- 
ment, the therapist reads the inclinometer. If the incli¬ 
nometer was zeroed in the start position, the reading 
is the ROM in degrees. If the inclinometer was not 
zeroed at the start position, the différence between the 
reading on the inclinometer at the start and the end 
positions is recorded as the ROM. 




Figure 9-13 Single inclinometry. (A) Neck rotation AROM start position: supine with trunk stabilized, single inclinometer aligned on 
forehead with dial zeroed. (B) End position: reading on the inclinometer indicates neck rotation AROM. 
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Double Inclinometry (Fig. 9-14). When two standard 
inclinometers are used to assess AROM, the patient is 
in the start position with one inclinometer placed at a 
specified anatomical landmark at the inferior end of 
the spinal segments being measured. A second incli¬ 
nometer is placed at a specified anatomical landmark 
at the superior end of the spinal segments being mea¬ 
sured. The protractor of each inclinometer is either 

i. Adjusted to 0° in the start position by a second ther¬ 
apist, or 

ii. The readings on the inclinometers are noted at the 
start position. 

The patient is instructed to move through the AROM. 
At the end of the movement, the therapist reads each 
inclinometer. 

If the inclinometers were zeroed in the start position, 
the différence between the two readings on the 



inclinometers at the end position is the AROM for the 
spinal movement being assessed. 

If the inclinometers were not zeroed in the start posi¬ 
tion, the différence between the readings at the start and 
at the end positions on each inclinometer provides the 
ROM at each inclinometer location. The différence 
between the ROM at each inclinometer location is 
recorded as the ROM for the assessed movement. 

When measuring ROM, the therapist ensures that 
sources of error (described in Chapter 1) do not occur or 
are minimized, so that ROM measurements will be reli- 
able and the patient's progress can be meaningfully 
monitored. Note that Mayer and colleagues 18 studied 
the sources of error with inclinometric measurement of 
spinal ROM and found that "training and practice was 
the most significant factor (eliminating the largest source 
of error) improving overall test performance." 18(p - 1981) 



B 


Figure 9-14 Double inclinometry. (A) Thoracolumbar spine flexion AROM start position 
with inclinometers placed over S2 and C7 and zeroed. (B) End position: the différence 
between the two inclinometer readings is the thoracolumbar flexion AROM. 
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Cervical Range-of-Motion 
Instrument (CROM) 

The CROM 17 (Fig. 9-15) is designed to measure cervical 
spine motion. It consists of a headpiece (i.e. ; trame that 
holds three inclinometers) and a magnetic yoke. The 
inclinometers are located on the front and side of the 
CROM; each contains an inclination needle that is influ- 
enced by the force of gravity. The third inclinometer, 
situated in the transverse plane, contains a compass nee¬ 
dle that reacts to earth's magnetic field for measurement 
of cervical spine rotation. 

Measurement Procedure: CROM 

The CROM is positioned on the patient's head with the 
bridge of the frame placed comfortably on the nose and 
the occipital strap snug (Fig. 9-15). The magnetic yoke is 
used when measuring cervical spine rotation ROM and 
serves to eliminate substitute trunk motion from the cer¬ 
vical spine rotation measurement. The magnetic yoke is 
positioned over the shoulders with the arrow on the yoke 
pointing north (indicated by observing the position of 
the red needle on the compass inclinometer with the 
yoke greater than 4 ft away). 

With the patient in the start position for movements 
in either the sagittal plane (i.e., flexion/extension) or the 
frontal plane (i.e., latéral flexion), the gravity inclinome¬ 
ter situated in the same plane as that of the motion to be 
measured should read 0°. With the patient in the start 
position for movement in the transverse plane (i.e., rota¬ 
tion), both gravity inclinometers should read 0° by adjust- 
ing the patient's head position. The compass inclinome¬ 
ter is then rotated to read 0°. 


The patient moves through the AROM to be measured. 
At the end of the test movement, the therapist reads the 
appropriate gravity or compass inclinometer and records 
the angular AROM measurement for the cervical spine 
movement being assessed. 


Back Range-of-Motion 
Instrument (BROMII) 

The Back Range-of-Motion Instrument (BROMII) 19 
(Performance Attainment Associates, Roseville, MN) is a 
relatively new tool designed to measure AROM of the 
lumbar spine. It consists of two units for the measure¬ 
ment of back ROM. First, a frame that contains a protrac- 
tor scale is positioned over SI and held in place using 
Velcro straps. An L-shaped extension arm slides into the 
frame, and this device is used to measure lumbar flexion 
and extension ROM. Second, a frame that holds two 
inclinometers is positioned horizontally over the Tl2 
spinous process and held in place by the therapist during 
the measurement of latéral flexion and rotation. One 
inclinometer lies in the frontal plane with a gravity- 
dependent needle for measurement of latéral flexion; a 
second, oriented in the transverse plane, contains a com¬ 
pass needle that reacts to Earth's magnetic field for mea¬ 
surement of rotation. A magnetic yoke is positioned 
around the pelvis to eliminate substitute pelvic motion 
from the rotation measurement. 

The BROMII is relatively expensive, and from the 
research to date, it does not appear to be superior to other 
means of measuring AROM of the lumbar spine. For this 
reason, the BROMII is not used to demonstrate ROM 
assessment in this text. 



Figure 9-15 The Cervical Range-of-Motion 
Instrument (CROM). 
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Active Range of Motion 
Assessment and 
Measurement: 

Head and Neck 


Practice Makes Perfect 

To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


The use of the ruler and calipers to measure TMJ AROM 
are described and illustrated. 


TMJ Movements 

Start Position. The patient is sitting with the head, neck, 
and trunk in the anatomical position. The patient 
remains in this position throughout the test movements. 
It is important to maintain a standard position of the 
head and neck because the magnitude of mandibular 


opening is affected by head and neck position. 20 ' 21 From 
the rest position (i.e., with the teeth not in contact), the 
patient performs élévation, dépréssion, protrusion, or 
latéral déviation of the mandible. 


Elévation of the Mandible 

The patient elevates the lower jaw to a position where the 
teeth are in contact at full élévation (Fig. 9-16). The rela¬ 
tive position of the mandibular teeth in relation to the 
maxillary teeth is observed. 


Dépréssion of the Mandible 

\ The patient is asked to open the mouth. On slow 
active opening of the mouth, the therapist observes 
Form for déviation of the mandible from the midline. In 
9-1 normal mouth opening, the mandible moves in a 
straight line. Déviation of the mandible to the left in the 
form of a C-type curve indicates hypomobility of the TMJ 
situated on the convex side of the C curve, or hypermo- 
bility of the joint on the concave side of the curve. 4 
Déviation in the shape of an S-type curve may indicate a 
muscular imbalance or displacement of the condyle. 4 

Functional ROM normally required for daily activity is 
determined by placing two or three flexed proximal inter- 
phalangeal joints between the upper and lower central 
incisors 4 (Fig. 9-17). The fingers represent a distance of 
about 25 to 35 mm. 4 



Figure 9-16 Occlusion of the teeth. 


Figure 9-17 Functional ROM: opening of the 
mouth (dépréssion of the mandible). 
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Figure 9-18 Teeth occluded. (1, 2) Maxillary 
central incisors. (3, 4) Mandibular central 
incisors. (5, 6) Latéral incisors. 


Using a ruler and the edges of the upper and lower 
central incisors (Fig. 9-18) for reference, a measure of 
opening is obtained 22 for recording change (Fig. 9-19). 
Vernier calipers may also be used to measure the distance 
between the edges of the upper and lower central incisors 
to establish the range of mandibular dépréssion (Fig. 
9-20). Normal dépréssion of the mandible (mouth open¬ 
ing) is 35 to 50 mm. 4 
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Protrusion of the Mandible 

, The patient protrudes the lower jaw (Fig. 9-21) to 
place the lower teeth beyond the upper teeth. A 
Form ruler measurement is obtained by measuring the 
9-2 distance between the upper and lower central inci- 
sors 22 (Fig. 9-21). From resting position, normal protru¬ 
sion is 3 to 7 mm. 5 


Latéral Déviation of the 
Mandible 

The patient deviates the lower jaw to one side and 
then the other (Fig. 9-22). Latéral déviation of the 
Form mandible should be symmetrical. A measure is 
9-3 obtained for recording purposes by measuring the 
distance between two selected points that are level, one 
on the upper teeth and one on the lower teeth, 4 such as 
the space between the central incisors. The normal range 
of latéral déviation is 10 to 15 mm. 4 





Figure 9-21 Ruler measurement of distance Figure 9-22 Latéral déviation of the mandible. 

between the upper and lower central incisors, a 
measure of protrusion of the mandible. 
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Neck Movements 

Tests ofhead and neck movement are contraindicated in some 
instances. Contraindications include pathology that may 
resuit in spinal instability and pathology of the vertébral 
artery. In the absence of contraindications, cervical spine 
AROM may be as ses s ed. 

The measurement of cervical spine AROM is described 
and illustrated using the tape measure, inclinometer, 
CROM, and universal goniometer. When measuring cer¬ 
vical spine AROM, the start position (sitting) and the sta¬ 
bilization are the same for ail neck movements regardless 
of the instrument used to measure the AROM, with one 


exception: the start position for active cervical spine rota¬ 
tion is supine when measured using an inclinometer. 

Start Position. The patient is sitting in a chair with a back 
support. The feet are fiat on the floor and the arms are 
relaxed at the sides. The head and neck are in the ana- 
tomical (neutral zéro) position (Fig. 9-23). 

Stabilization. The back of the chair provides support for 
the thoracic and lumbar spines. The patient is instructed 
to avoid substitute movement and the therapist can sta- 
bilize the trunk. 



Figure 9-23 Start position for ail movements of the 
neck with the exception of rotation when measured 
using the inclinometer. 
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Neck Flexion-Extension 

End Positions. Flexion: The patient flexes the neck to the 
limit of the motion. Extension: The patient extends the 
neck to the limit of motion. 

Substitute Movement. Mouth opening (for tape measure- 
ments), trunk flexion-extension. 



Figure 9-24 Neck flexion: limited AROM. 


Tape Measure Measurement 

Flexion. The distance is measured between the tip 
Vi/ of the chin and the suprasternal notch. A measure 
Forms is taken in the flexed position (Fig. 9-24). The linear 
9-4,9-5 measure reflects the neck flexion AROM (3 cm). 

Extension. The same reference points are used. A measure is 
taken in the extended position (Fig. 9-25). The linear mea¬ 
sure reflects the range of neck extension AROM (20 cm). 



Figure 9-25 Neck extension: full AROM. 
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Figure 9-26 Start position: neck flexion Figure 9-27 End position: neck flexion. Figure 9-28 End position: neck extension, 

and extension with inclinometers positioned 
on the vertex of the head and over the 
spine of Tl. 


Inclinometer Measurement 

Inclinometer Placement. Superior: On the vertex 
(i.e., top 23 ) of the head. Inferior: On the spine of Tl. 
Fori ^ s In the start position (Fig. 9-26), the inclinometers 
9-6,9-7 are zeroed. 


Alternate Inclinometer Placement 

The inferior inclinometer is positioned over the spine of 
the scapula, 24 as shown in Fig. 9-29, if the position of the 
inclinometer over Tl hinders neck extension ROM or a 
large neck extension ROM displaces the inclinometer. 


Flexion. At the limit of neck flexion (Fig. 9-27 or 9-30), the 
therapist records the angle measurements from both 
inclinometers. The neck flexion AROM (50°) is the différ¬ 
ence between the two inclinometer readings. 

Extension. At the limit of neck extension (Fig. 9-28 or 
9-31), the therapist records the angle measurements from 
both inclinometers. The neck extension AROM (60°) is 
the différence between the two inclinometer readings. 



Figure 9-29 Alternate inclinometer 
placement, start position: neck flexion and 
extension with inclinometers positioned on 
the vertex of the head and over the spine of 
the scapula. 



Figure 9-30 End position: neck flexion. 



Figure 9-31 End position: neck extension. 
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Figure 9-32 Start position: neck flexion Figure 9-33 End position: neck flexion, 

and extension. 



Figure 9-34 End position: neck extension. 


CROM Measurement 



Forms 
9-8,9-9 


By positioning the patienté head, the inclinometer 
on the latéral aspect of the CROM is zeroed in the 
start position (Fig. 9-32). 



Stationary Arm. Perpendicular to the floor. 


Forms Movable Arm. Lies parallel to the base of the nares. 
9-10 9-11 r 

’ In the start position (Fig. 9-35), the goniometer 
will indicate 90°. This is recorded as 0°. 


Flexion. The neck is flexed to the limit of motion and the 
reading on the latéral inclinometer is the neck flexion 
AROM (45°) (Fig. 9-33). 

Extension. The neck is extended to the limit of motion 
and the reading on the latéral inclinometer is the neck 
extension AROM (65°) (Fig. 9-34). 

Universal Goniometer Measurement 

Goniometer Axis. Over the lobule of the ear (Fig. 9-35). 


Flexion. The goniometer is realigned at the limit of neck 
flexion (Fig. 9-36). The number of degrees the movable 
arm lies away from the 90° position is recorded as the 
neck flexion AROM (45°). 

Extension. The goniometer is realigned at the limit of 
neck extension (Fig. 9-37). The number of degrees the 
movable arm lies away from the 90° position is recorded 
as the neck extension AROM (45°). 




Figure 9-35 Start position: universal Figure 9-36 End position: neck 

goniometer placement for neck flexion and flexion. 

extension. 



Figure 9-37 End position: neck extension. 
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Figure 9-38 Neck latéral flexion. 


Neck Latéral Flexion 

End Positions. The patient flexes the neck to the left side 
(without rotation) to the limit of motion (Fig. 9-38). The 
patient flexes the neck to the right side (without rotation) 
to the limit of motion. 


Substitute Movement. Elévation of the shoulder girdle to 
approximate the ear; ipsilateral trunk latéral flexion. 


Tape Measure Measurement 


Latéral Flexion. The distance is measured between 
the mastoid process of the skull and the latéral 
aspect of the acromion process (see Fig. 9-38). The 
linear measure reflects the range of neck latéral 
flexion AROM (13 cm) to the side measured. 


Form 

9-12 


Inclinometer Measurement 



Inclinometer Placement. Superior: On the vertex (i.e., 
top) of the head. Inferior: On the spine of Tl. In the 
start position (Fig. 9-39), the inclinometers are 
zeroed. 


Latéral Flexion. At the limit of neck latéral flexion (Fig. 
9-40), the therapist records the angle measurements from 
both inclinometers. The neck latéral flexion AROM (45°) 
is the différence between the two inclinometer readings. 



Figure 9-39 Start position: neck latéral flexion. 



Figure 9-40 End position: neck latéral flexion. 
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Figure 9-41 Start position: neck latéral flexion. 



Figure 9-42 Neck latéral flexion. 


CROM Measurement 


Universal Goniometer Measurement 


By positioning the patient's head, the inclinometer 
W on the anterior aspect of the CROM is zeroed in the 

Form start position (Fig. 9-41). 

9-14 

Latéral Flexion. The neck is laterally flexed to the limit of 
motion, and the reading on the anterior inclinometer is 
the neck latéral flexion AROM (35°) to the side measured 
(Fig. 9-42). 



Goniometer Axis. Over the C7 spinous process (Fig. 
9-43). 


Form 

9-15 Stationary Arm. Along the spine and perpendicular 
to the floor. 


Movable Arm. Points toward the midpoint of the head. In 
the start position (Fig. 9-43), the goniometer will indicate 0°. 


Latéral Flexion. The goniometer is realigned at the limit of 
neck latéral flexion (Fig. 9-44). The number of degrees the 
movable arm lies away from the 0° position is recorded as 
the neck latéral flexion AROM (45°) to the side measured. 




Figure 9-43 Start position: universal goniometer Figure 9-44 End position: neck latéral flexion, 

alignment neck latéral flexion. 
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Figure 9-45 Neck rotation. 


Neck Rotation 

End Position. The patient rotâtes the head to the left to 
the limit of motion (Fig. 9-45). The patient rotâtes the 
head to the right side to the limit of motion. 

Substitute Movement. Elévation and/or protrusion of the 
shoulder girdle to approximate the chin (tape measure); 
trunk rotation. 

Tape Measure Measurement 

Rotation. The distance is measured between the tip 
vy of the chin and the latéral aspect of the acromion 
Form process (see Fig. 9-45). The linear measure reflects 
9 -1 6 the range of neck rotation AROM (11 cm) to the 
side measured. 


Inclinometer Measurement 



Start Position. The patient is supine with the head 
and neck in anatomical position (Fig. 9-46). 


Form 

9-17 Inclinometer Placement. In the midline at the base 
of the forehead. In the start position, the inclinometer is 
zeroed. 


Rotation. At the limit of neck rotation (Fig. 9-47), the 
therapist records the inclinometer reading as the neck 
rotation AROM (80°) to the side measured. 



Figure 9-46 Start position for neck rotation with the inclinometer Figure 9-47 End position: neck rotation, 

placed in the midline at the base of the forehead. 
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Figure 9-48 Start position: neck rotation. 


Figure 9-49 Neck rotation. 


CROM Measurement 

The magnetic yoke is positioned over the shoulders 
with the arrow on the yoke pointing north. With 
Form the patient in the start position, both gravity incli- 
9-18 nometers should read 0° (accomplished by adjust- 
ing the patient's head position). The compass inclinom- 
eter is then rotated to read 0° (Fig. 9-48). 

Rotation. The neck is rotated to the limit of motion, and 
the reading on the compass inclinometer is the neck rota¬ 
tion AROM (60°) to the side measured (Fig. 9-49). 


Universal Goniometer Measurement 

Goniometer Axis. Over the midpoint of the top of 
the head (Fig. 9-50). 

Form 

9-19 Stationary Arm. Parallel to a line joining the two 
acromion processes. 

Movable Arm. Aligned with the nose. In the start position 
(Fig. 9-50), the goniometer will indicate 90°. This is 
recorded as 0°. 

Rotation. The goniometer is realigned at the limit of neck 
rotation (Fig. 9-51). The number of degrees the movable 
arm lies away from the 90° position is recorded as the 
neck rotation AROM. 






Figure 9-50 Start position: universal goniometer alignment neck Figure 9-51 End position: neck rotation, 

rotation. 
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Validity and Reliability: 
Measurement OF THE TMJ 
and Cervical Spine AROM 


tmj 

The ruler and calipers are the tools used to measure TMJ 
AROM in this text. 

Walker, Bohannon, and Cameron 25 evaluated the con- 
struct validity of using a ruler to measure AROM of the 
TMJs for mandibular dépréssion, latéral déviation, and 
protrusion. The measurement of mouth opening was the 
only measure that demonstrated construct validity for 
identifying TMJ pathology. Therefore, the authors con- 
cluded that mouth opening measured by a ruler might be 
a possible method for documenting and monitoring the 
status of patients with TMJ disorders. 

Evaluating the intra- and intertester reliability of the 
ruler for measuring mouth opening AROM, research- 
ers 2i,25-28 fo U nd the ruler to be reliable. Dijkstra and 
coworkers 26 pointed out that mandibular length might 
influence how much the mouth can be opened. Therefore, 
when comparing different subjects with the same linear 
mouth opening, one cannot conclude similar TMJ mobil- 
ity. However, using a ruler to measure the distance 
between the central incisors in maximal mouth opening 
is a reliable and accurate measure of TMJ mobility when 
evaluating progress in the same subject over time. 

Al-Ani and Gray 28 evaluated intra-instrument reliabil¬ 
ity of the ruler and an Alma bite gauge for measuring 
mouth opening. The Alma bite gauge is a set of calipers 
with recesses on the arms for ease of positioning against 
the edges of the central incisors. These researchers found 
the Alma bite gauge to hâve better reliability and ease of 
use when compared to the ruler. 

For measurements of latéral déviation and protrusion 
of the TMJs using the ruler, Walker, Bohannon, and 
Cameron 25 found acceptable intratester reliability and 


good-to-excellent intertester reliability, but Dworkin and 
colleagues 27 found less-than-desirable intertester reliabil¬ 
ity. Dworkin and colleagues 27 also found that examiners 
trained in the standardized procedure for the measure¬ 
ment of TMJ AROM demonstrated better intertester reli¬ 
ability than untrained examiners, supporting the impor¬ 
tance of using standardized procedures for reliable clinical 
measurement of TMJ AROM. 


Cervical Spine 

Reviews 29-31 of validity and reliability studies of tools and 
tests used to measure cervical spine ROM convey the 
présent status of the research on this topic. This type of 
review, undertaken to select an appropriate measurement 
tool to assess ROM, is difficult due to the lack of opti- 
mized study designs, poor reporting in studies, lack of 
studies of some measurement methods, and studies hav- 
ing been conducted on a limited number of patient 
populations. 31 

Reviews by Williams, and associâtes 31 and de Koning 
and colleagues 30 concluded that although more research 
is needed, the CROM and single inclinometer were the 
most valid and reliable instruments for use in assessing 
cervical spine ROM. Jordon, 29 in an earlier review of the 
literature on the reliability of tools used to measure cervi¬ 
cal spine ROM in clinical settings, could give "no strong 
recommendation for any tool" but found the CROM to 
be the most reliable tool. He also noted the CROM shows 
promise but may not be the most practical tool in the 
clinical setting due to cost, portability, and specificity for 
use in measuring only cervical spine ROM. Jordan 29 sug- 
gested the tape measure might be the preferred clinical 
option as it is inexpensive, portable, and clinically accept¬ 
able, but he found the tape measure needs more support 
in the literature. Williams, and associâtes 31 found Visual 
estimation to be the least reliable and concurrently valid 
method, and along with de Koning and colleagues 30 rec- 
ommended Visual estimation not be used to measure cer¬ 
vical spine ROM. 
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Muscle Strength 
Assessment: Muscles of 
the Face (Table 9-3) 



Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


The muscles of the face and eyes (Figs. 9-52 through 9-55) 
are innervated by the cranial nerves (CN). The motor 
functions of CN III, IV, V, VI, VII, and XII are tested as a 
component part of a neurological examination. The 
objectives of testing are to détermine the presence or 
absence of dysfunction and the functional implications 
of weakness or paralysis to the patient. The muscles are 
tested in groups according to their CN supply and com- 
mon function. 


1. Epicranius 

2. Corrugator supercilli > 

3. Procerus 

4. Orbicularis oculi 

5. Nasalis (transverse 
portion) 

6. Nasalis (alar portion) 

7. Depressor septi 

8. Buccinator 




Figure 9-53 Muscles of the eye région and temporomandibular 
région. 


1. Temporalis 

2. Levator labii superioris 

3. Orbicularis oris 

4. Levator anguli oris 

5. Zygomaticus major /K 

6. Risorius C- 

7. Masseter 

8. Buccinator 

9. Depressor 
anguli oris 

10. Depressor 
labii inférions 

11. Mentalis 

12. Platysma 



Figure 9-54 Muscles of the mouth, temporomandibular région, 
and platysma. 



Figure 9-52 Deep muscles of the eye, nose, and cheek. 


Figure 9-55 Muscles controlling eye movements. 
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TABLE 9-3 Muscle Actions, Attachments, and Nerve Supply: The Face and Eyes 2 


Muscle 

Primary Muscle Action 

Muscle Origin 

Muscle Insertion 

Cranial 

Nerve 

Levator 

palpebrae 

superioris 

Elévation of upper eyelid 

Inferior surface of the small 
wing of the sphenoid, 
superior and anterior to 
the optic canal 

Skin of the upper eyelid; 
anterior surface of the 
superior tarsus; the superior 
conjunctival fornix; tubercle 
on the zygomatic bone; 
superior aspect of the orbital 
septum 

III 

Rectus superior 

Elevâtes the abducted eye 

Common annular tendon 
(fibrous ring surrounding 
the superior, médial and 
inferior margins of the 
optic canal) 

The sciera superiorly, posterior 
to the margin of the cornea 

III 

Rectus inferior 

Depresses the abducted 
eye 

Common annular tendon 

The sciera inferiorly, posterior 
to the margin of the cornea 

III 

Obliquus 

superior 

Depresses the adducted 
eye 

Body of the sphenoid 
superomedial to the optic 
canal; the tendinous 
attachment of the rectus 
superior 

The tendon passes 
through the trochlea 
(a fibrocartilaginous loop 
attached to the fossa of the 
frontal bone) and then 
passes posteriorly, laterally 
and downward to insert into 
the sciera posterior to the 
equator on the superolateral 
aspect of the eyeball 

IV 

Obliquus 

inferior 

Elevâtes the adducted eye 

Orbital surface of the 
maxilla latéral to the 
nasolacrimal groove 

Latéral part of the sciera, 
posterior to the equator of 
the eyeball 

III 

Rectus lateralis 

Abducts the eye 

Common annular tendon; 
the orbital surface of the 
greater wing of the 
sphenoid bone 

The sciera laterally, posterior to 
the margin of the cornea 

VI 

Rectus 

medialis 

Adducts the eye 

Common annular tendon 

The sciera medially, posterior 
to the margin of the cornea 

III 

Temporalis 

Elévation of the mandible; 
side-to-side grinding 
movements of the 
mandible 

Temporal fossa; deep 
surface of the temporal 
fascia 

The coronoid process of the 
mandible; anterior border of 
the ramus of the mandible 
nearly as far as the last 
molar 

V 

Masseter 

Elévation of the mandible; 
small effect in side-to- 
side movements, 
protraction, and 
retraction of the 
mandible 

a. Superficial layer: 
maxillary process of the 
zygomatic bone; anterior 
two thirds of the 
zygomatic arch 

b. Middle layer: médial 
aspect of the anterior 
two thirds of the 
zygomatic arch; lower 
border of the posterior 
third of the mandibular 

ramus 

c. Deep layer: deep surface 
of the zygomatic arch 

a. Superficial layer: angle and 
inferior half of the latéral 
surface of the mandibular 

ramus 

b. Middle layer: central part of 
the mandibular ramus 

c. Deep layer: upper part of 
the ramus of the mandible; 
the coronoid process of the 
mandible 

V 
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TABLE 9-3 Continuée! 

Muscle 

Primary Muscle Action 

Muscle Origin 

Muscle Insertion 

Cranial 

Nerve 

Médial 

pterygoid 

Elévation of the mandible; 
protrusion of the mandible 
(with the latéral 
pterygoid); side-to-side 
movements of the jaw 

Médial aspect of the latéral 
pterygoid plate; pyramidal 
process of the palatine 
bone; tuberosity of the 
maxilla 

Posteroinferior part of the 
médial surfaces of the ramus 
and angle of the mandible 

V 

Latéral 

pterygoid 

Protrusion of the mandible 
(with the médial 
pterygoid); opening 
of the mouth; control 
of the posterior 
movement of the 
articular dise of the 
temporomandibular joint 
and condyle of the 
mandible during mouth 
closing; side-to-side 
movements of the 
mandible 

a. Upper head: inferior part 
and latéral surface of the 
great wing of the 
sphenoid bone 

b. Lower head: the latéral 
surface of the latéral 
pterygoid plate 

Dépréssion on the anterior 
aspect of the neck of the 
mandible; articular capsule 
and dise of the 
temporomandibular 
articulation 

V 

Suprahyoid muscles (diagastric, stylohyoid, mylohyoid, and geniohyoid) 



Digastric 

Dépréssion of the 
mandible; élévation of 
the hyoid bone 
(swallowing, chewing) 

Posterior belly: mastoid 
process of the temporal 
bone 

Anterior belly: digastric 
fossa on the base of the 
mandible nearthe midline 

The course of the muscle 
changes direction as it 
passes through a fibrous 
loop attached to the hyoid 
bone 

V, VII 

Stylohyoid 

Elévation and retraction of 
the hyoid bone 
(swallowing) 

Posterior aspect of the 
styloid process of the 
temporal bone 

The body of the hyoid bone at 
its junction with the greater 
cornu 

VII 

Mylohyoid 

Elévation of the floor of the 
mouth (swallowing); 
élévation of the hyoid 
bone; dépréssion of the 
mandible 

The entire mylohyoid line of 
the mandible 

Body of the hyoid bone; 
médian fibrous raphe from 
the symphysis menti of the 
mandible to the hyoid bone 

V 

Geniohyoid 

Elévation and protraction of 
the hyoid bone; 
dépréssion of the 
mandible 

Inferior mental spine on the 
posterior aspect of the 
symphysis menti 

Anterior aspect of the body of 
the hyoid bone 

XII 

Epicranius 

occipitof- 

rontalis 

Elévation of the eyebrows 
and skin over the root of 
the nose, resulting in 
transverse wrinkling of 
the forehead 

Frontal part: epicranial 
aponeurosis anterior to 
the coronal suture 

Fibers are continuous with 
procerus, corrugator 
supercilii and orbicularis 
oculi; the skin of the 
eyebrows and the root of the 
nose 

VII 


(continuée!) 
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TABLE 9-3 Continuée! 

Muscle 

Primary Muscle Action 

Muscle Origin 

Muscle Insertion 

Cranial 

Nerve 

Corrugator 

supercilii 

Draws the eyebrows 
together, resulting in 
vertical wrinkles on the 
supranasal strip of the 
forehead 

Médial end of the 
superciliary arch 

The skin above the supraorbital 
margin 

VII 

Procerus 

Draws the médial angle of 
the eyebrow inferiorly to 
wrinkle the skin 
transversely over the 
bridge of nose 

Fascia covering the inferior 
portion of the nasal bone; 
superior portion of the 
latéral nasal cartilage 

Skin over the inferior aspect of 
the forehead between the 
eyebrows 

VII 

Orbicularis 

oculi 

a. Orbital part: closes the 
eyelids tightly drawing 
the skin of forehead, 
temple and cheek 
medially towards the 
nose 

b. Palpébral part: closes 
the eyelids gently 

a. Orbital part: nasal part of 
the frontal bone; frontal 
process of the maxilla; 
médial palpébral 
ligament 

b. Palpébral part: the 
médial palpébral 
ligament and bone 
immediately above and 
below the ligament 

c. Lacrimal part: the 
lacrimal fascia; the upper 
part of the crest and 
adjacent part of the 
lacrimal bone 

The fibers sweep around the 
circumference of the orbit; 
skin and subcutaneous 
tissues of the eyebrow; tarsi 
of the eyelids; the latéral 
palpébral raphe 

VII 

Nasalis 





1 . Alar portion 

Widens the nasal opening 

Maxilla superior to the 
latéral incisor tooth 

Alar cartilage of the nose 

VII 

2. Tran- 

sverse- 

portion 

Narrows the nasal opening 

Maxilla latéral to the nasal 
notch 

By an aponeurosis that merges 
on the bridge of the nose 
with the muscle of the 
contralatéral side; the 
aponeurosis of the procerus 
muscle 

VII 

Depressor septi 

Widens the nasal opening 

Maxilla superior to the 
central incisor tooth 

The nasal septum 

VII 

Orbicularis oris 

Closure of the lips; 
protrusion of the lips 

The modiolus at the latéral 
angle of the mouth; 
several strata of muscle 
fibers of other facial 
muscles that insert into 
the lips, principally 
buccinator 

The majority of fibers, into the 
deep surface of the skin and 
mucous membrane 

VII 

Buccinator 

Compression of the cheeks 
against the teeth 

The alveolar processes of 
the mandible and maxilla, 
opposite the three molar 
teeth; the anterior border 
of the pterygomandibular 
raphe 

The skin and mucosa of the 
lips blending with orbicularis 
oris; the modiolus 

VII 
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TABLE 9-3 

Continuée! 




Muscle 

Primary Muscle Action 

Muscle Origin 

Muscle Insertion 

Cranial 

Nerve 

Levator anguli 
oris 

Elévation of the angle of 
the mouth; produces the 
nasolabial furrow 

Canine fossa of the maxilla 
just inferior to the 
infraorbital foramen 

The modiolus at the latéral 
angle of the mouth blends 
with orbicularis oris, 
depressor anguli oris; the 
dermal floor of the lower part 
of the nasolabial furrow 

VII 

Risorius 

Retraction of the angle of 
the mouth 

The parotid fascia over the 
masseter; parotid fascia; 
zygomatic arch; fascia 
enclosing pars modiolaris 
of platysma; fascia over 
mastoid process 

The modiolus at the latéral 
angle of the mouth 

VII 

Zygomaticus 

major 

Draws the angle of the 
mouth superiorly and 
laterally 

Zygomatic bone anterior to 
the zygomaticotemporal 
suture 

The modiolus at the latéral 
angle of the mouth blending 
with levator anguli oris, and 
orbicularis oris 

VII 

Platysma 

Dépréssion of the corner of 
the mouth and lower lip; 
dépréssion of the jaw; 
tenses skin over the neck 

The fascia covering the 
superior portion of the 
pectoralis major and 
deltoid muscles 

Inferior border of the mandible; 
the skin and subeutaneous 
tissues of the inferior aspect 
of the face and corner of the 
mouth into the modiolus; 
blends with the contralatéral 
platysma medially; latéral 
half of the lower lip 

VII 

Depressor 
anguli oris 

Dépréssion of the angle of 
the mouth 

Oblique line of the mandible 

The modiolus at the latéral 
angle of the mouth 

VII 

Depressor labii 
inferioris 

Dépréssion and latéral 
movement of the lower 
lip 

Oblique line of the 
mandible, between the 
mental foramen and the 
symphysis menti 

Skin of the lower lip blending 
with the contralatéral 
depressor labii inferioris and 
orbicularis oris 

VII 

Levator labii 
superioris 

Elévation and eversion of 
the upper lip 

Inferior margin of the orbital 
opening immediately 
superior to the infraorbital 
foramen, from the maxilla 
and zygomatic bones 

The muscular substance of the 
latéral half of the upper lip 

VII 

Zygomaticus 

minor 

Elévation of the upper lip 

Latéral aspect of the 
zygomatic bone 
immediately posterior to 
the zygomaticomaxillary 
suture 

The muscular substance of the 
latéral aspect of the upper 
lip 

VII 

Levator labii 
superioris 
alaeque- 
nasi 

Elévation of the upper lip; 
dilation of the nostril 

Superior aspect of the 
frontal process of the 
maxilla 

Ala of the nose; skin and 
muscular substance on the 
latéral aspect of the upper 
lip 

VII 


(continuée!) 
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TABLE 9-3 

Continuée! 




Muscle 

Primary Muscle Action 

Muscle Origin 

Muscle Insertion 

Cranial 

Nerve 

Mentalis 

Elévation and protrusion of 
the lower lip 

Incisive fossa of the 
mandible 

Skin of the chin 

VII 

Genioglossus 

Tongue protrusion; 
dépréssion of the middle 
région of the tongue 

Upper génial tubercle on 
the inner surface of the 
symphysis of the 
mandible 

Under surface of the tongue 
from the root to the apex of 
the tongue; via an 
aponeurosis to the superior 
aspect of the anterior 
surface of the hyoid bone 

XII 


Conventional grading is not applied to the results of 
testing as it is not always practical or possible to palpate 
the muscle, apply résistance, or position the patient. The 
results of the tests can be descriptive or recorded accord- 
ing to a defined set of parameters as follows 8 : 


• 5 N (normal) For completion of the test movement 
with ease and control 


• 3 F (fair) 


• 1 T (trace) 
•00 (zéro) 

• Observation 
mented. 


For performance of test movement 
with difficulty 

No motion, minimal muscle contraction 
When no contraction can be elicited 
of asymmetrical movement is docu- 


A description of the test for the infrahyoid muscles is 
included with the facial muscles due to the functional 
significance of these muscles in mastication and swallow- 
ing. Swallowing is a complex process that involves the 
participation of the muscles of the jaw, tongue, lips, soft 
palate, pharynx, larynx, and suprahyoid and infrahyoid 
muscle groups. Weakness or paralysis in any of these 


muscles can affect the ability of the patient to move food 
from the tongue to the pharynx and esophagus. Head 
control is also necessary for swallowing. When testing the 
facial, submandibular, and neck muscles, the therapist 
should routinely ask the patient if any difficulty is expe- 
rienced in swallowing, or observe the patient as liquid or 
a bolus of food is swallowed. 


Oculomotor, Trochlear, and 
Abducens Nerves 
(CN III, IV, and VI) 

Motor Function. Motor functions are opening of the eyelid 
(levator palpebrae superioris) (Fig. 9-53) and control of 
eye movements (the six extraocular muscles) (Figs. 9-53 
and 9-55). 

Component Movements Tested. Component movements 
are élévation of the upper eyelids and élévation, abduc¬ 
tion, dépréssion, and adduction of the eyeballs. 
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Elévation of the Upper 
Eyelid 

Levator Palpebrae Superioris 

Test. The patient elevates or raises the upper eyelid 
(Fig. 9-56). The clinical term used to describe the 
Form inability to perform this movement is ptosis. 

9-20 




Figure 9-56 Elévation of the upper eyelid. 









432 


SECTION II Régional Evaluation Techniques 


Movements of the Eyeball 

Rectus Superior, Rectus Inferior, 
Obliquus Superior, Obliquus Inferior, 
Rectus Lateralis, Rectus Medialis 

Each extraocular muscle can be tested by examin- 
W ing the muscle in its position of greatest efficiency. 
Forms This position is when the action of the muscle is 
9 ' g 2 26 ° at a right angle to the axis around which it is mov- 
ing the eyeball. 32 The start position is with the 
patient looking straight ahead. The patient is asked to 
look in various directions. The presence of diplopia 


(double vision) should be determined in conjunction 
with individual muscle tests. 32-34 AU test movements 
described pertain to the right eye of the patient (Figs. 9-57 
through 9-62). Simultaneous observation of spécifie 
movements of both eyes combines muscle tests and may 
be preferred. The muscle combinations are: 

1. Right rectus superior and left obliquus inferior (see Fig. 
9-57) 

2. Right rectus inferior and left obliquus superior (see Fig. 
9-58) 

3. Right obliquus superior and left rectus inferior (see Fig. 
9-59) 



Figure 9-57 Rectus superior is tested by 
asking the patient to look upward and 
outward. Observe for limitation in élévation. 



Figure 9-58 Rectus inferior is tested by 
asking the patient to look down and out. 
Observe for limitation in dépréssion. 



Figure 9-59 Obliquus superior is tested by 
asking the patient to look downward and 
inward. Observe for limitation in 
dépréssion. 
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4. Right obliquus inferior and left rectus superior (see Fig. 
9-60) 

5. Right rectus lateralis and left rectus medialis (see Fig. 
9-61) 


6. Right rectus medialis and left rectus lateralis (see Fig. 
9-62) 

Observe whether the movement is normal (i.e., 
smooth through the full ROM) or abnormal. 8 





Figure 9-60 Obliquus inferior is tested by 
asking the patient to look upward and 
inward. Observe for limitation in élévation. 



Figure 9-61 Rectus lateralis is tested by 
asking the patient to look outward 
(abduction). Observe the limitation in 
abduction. 



Figure 9-62 Rectus medialis is tested by 
asking the patient to look inward 
(adduction). Observe for limitation in 
adduction. 
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Trigeminal Nerve (CN V) 

Motor Function. Motor function is mastication. 

Component Movements Tested. Component movements 
are élévation, dépréssion, protrusion, and retrusion of the 
mandible. 


Elévation and Retrusion of 
the Mandible 

Temporalis, Masseter, Médial 
Pterygoid, Latéral Pterygoid (Superior 
Head) 

Test. The patient closes the jaw and firmly clenches 
V57 the teeth (Fig. 9-63). The force of contraction and 
Form muscle bulk of temporalis and masseter may be 
9-27 determined by palpation. Temporalis may be pal- 
pated over the temporal bone. Masseter may be palpated 
over the angle of the mandible. 



Figure 9-63 Elévation and retrusion of the mandible. 


Dépréssion of the Mandible 

Latéral Pterygoid, Suprahyoids 
(Mylohyoid, Digastric, Stylohyoid, 
Geniohyoid) 

Test. The patient opens the mouth by depressing 
V^/ the mandible (Fig. 9-64). Latéral pterygoid is active 
Form throughout the total range and the digastric is 
9-28 active in complété or forceful dépréssion. 35 The 
anterior portion of digastric can be palpated inferiorly to 
the mandible. The hyoid bone is fixed by the infrahyoid 
muscles when the suprahyoid muscles contract. 36 



Figure 9-64 Dépréssion of the mandible. 















CHAPTER 9 Head, Neck, and Trunk 


435 


Protrusion of the Mandible 

Médial and Latéral Pterygoids 

Test. With the mouth partially open, the patient 
protrudes the mandible (Fig. 9-65). 

Form 

9-29 


Latéral Déviation of the 
Mandible 

Temporalis, Médial and Latéral 
Pterygoids, Masseter 

Test. With the mouth slightly open, the patient 
\Jy deviates the lower jaw to one side and then the 

Form Other (Fig. 9-66). 

9-30 





Figure 9-66 Contraction of the left temporalis and right médial 
and latéral pterygoids produces left latéral déviation of the 
mandible. 
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Facial Nerve (CN VII) 


Adduction of the Eyebrows 


Motor Function. Motor functions are facial expression and 
control of the musculature of the eyebrows, eyelids, nose, 
and mouth. 

Component Movements Tested. Component movements 
are (1) eyebrows: élévation, adduction, and dépréssion; 
(2) eyelids: closure; (3) nose: dilation and constriction of 
the nasal opening; and (4) mouth: closure and protrusion 
of the lips; compression of the cheeks; élévation, rétrac¬ 
tion, and dépréssion of the angle of the mouth; élévation 
of the upper lip; and élévation and protrusion of the 
lower lip. 


Corrugator Supercili 


Form 

9-32 


Test. The patient pulls the médial aspect of the eye¬ 
brows together (Fig. 9-68). This action forms verti¬ 
cal wrinkles between the eyebrows and the expres¬ 
sion of frowning. 


Elévation of the Eyebrows 


Epicranius (Occipitofrontalis) 


«É> 

Form 

9-31 


Test. The patient elevates the eyebrows (Fig. 9-67). 
The action forms transverse wrinkles of the skin of 
the forehead and the expression of surprise. 




Figure 9-67 Elévation of the eyebrows. 


Figure 9-68 Adduction and dépréssion of the eyebrows. 

















CHAPTER 9 Head, Neck, and Trunk 


437 


Dépréssion of the Médial Closure of the Eyelids 

Angle of the Eyebrow 

Orbicularis Oculi 


Procerus 


\ Test. The patient draws the médial angle of the 
7 eyebrows down and elevates the skin of the nose 
Form (Fig- 9-69). This action produces transverse wrin- 
9-33 kles over the bridge of the nose. The patient may be 
asked to wrinkle the skin over the bridge of the nose as in 
the expression of distaste. 


$ 

Form 

9-34 


Test. The patient closes the eyelids tightly (Fig. 
9-70). This action pulls the skin of the forehead, 
temple, and cheek medially toward the nose. 
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Dilation of the Nasal Aperture 


Nasalis (Alar Portion) Depressor Septi 


Form 

9-35 


Test. The patient dilates or widens the nostrils (Fig. 
9-71). To accomplish the movement, the patient 
may be asked to take a deep breath. 



Constriction of the Nasal 
Aperture 


Nasalis (Transverse Portion) 



Figure 9-71 Dilation of the nasal aperture. 


Figure 9-72 Constriction of the nasal aperture. 
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Closure and Protrusion of the 
Lips 

Orbicularis Oris 

Test. The patient closes and protrudes the lips (Fig. 
9-73). The patient may be asked to simulate whis- 

Form tling by pursing the lips. 

9-37 



Compression of the Cheeks 

Buccinator 

Test. The patient compresses the cheeks against the 
teeth (Fig. 9-74). The patient may be asked to simu- 
Form late the blowing action of playing a wind instru- 
9-38 ment. Buccinator may be palpated in the cheek 
during the movement. 





Figure 9-73 Closure and protrusion of the lips. 


Figure 9-74 Compression of the cheeks against the teeth. 
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Elévation of the Angle of the 
Mouth 


Elévation and Retraction of 
the Angle of the Mouth 


Levator Anguli Oris 


Zygomaticus Major 



Form 

9-39 


Test. The patient raises the angle or corner of the 
mouth (Fig. 9-75). This action deepens the nasola- 
bial fold. 


■ Test. The patient draws the angle of the mouth 
upward and laterally (Fig. 9-76). This action forms 
Form the facial expression of smiling. The muscle can be 
9-40 palpated above and latéral to the angle of the 
mouth. 
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Retraction of the Angle of the Dépréssion of the Angle of 
Mouth the Mouth and Lower Lip 


Risorius 



Form 

9-41 


Test. The patient retracts or draws the angle of the 
mouth in a posterior direction (Fig. 9-77). This 
action forms the facial expression of a grimace. 


Platysma, Depressor Anguli Oris, 
Depressor Labii Inferioris 


X Test. The patient depresses the lower lip and angles 
Vj, / of the mouth by drawing down the corners of the 
Form mouth and tensing the skin between the chin and 
9-42 the clavicle (Fig. 9-78). The patient may be asked to 
simulate the movement of easing the pressure of a tight 
shirt collar. 



Figure 9-77 Retraction of the angle of the mouth. 


Figure 9-78 Dépréssion of the angle of the mouth. 












442 
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Elévation of the Upper Lip 

Levator Labii Superioris, Zygomaticus 
Minor 


Elévation and Protrusion of 
the Lower Lip 

Mentalis 



Form 

9-43 


Test. The patient elevates and protrudes (everts) the 
upper lip (Fig. 9-79) as in showing the incisors or 
upper gums. 



Form 

9-44 


Test. The patient elevates the skin of the chin and 
protrudes the lower lip (Fig. 9-80). This action 
forms the facial expression of pouting. 
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Hypoglossal Nerve (CN XII) 

Motor Function. The muscles supplied by the hypoglossal 
nerve act to produce tongue movements for the functions 
of mastication, taste, déglutition, speech, and oral hygiene. 

Component Movements Tested. Tongue protrusion is the 
only movement tested. 

Protrusion of the Tongue 

Genioglossus 

Test. The mouth is open and the tongue is resting 
on the floor of the mouth. A wooden tongue 
Form depressor is placed on the midline of the chin to 
9-45 obtain a reference line for the midline of the 


tongue. 33 The patient is asked to protrude the tongue so 
that the tip of the tongue touches the tongue depressor 
(Fig. 9-81). Note any déviation to the side of the lésion by 
observing the line formed by the lingual septum line and 
the edge of the tongue blade. During tongue movement, 
the geniohyoid muscle pulls the hyoid bone in an antero- 
superior direction. The movement of the hyoid bone may 
be palpated. The tongue is inspected for atrophy on the 
side of the lésion. 

Note: Should there be risk of infection or contact with 
body fluids, the therapist must use universal précautions 
and be gloved, masked, and gowned as required. 




Figure 9-81 Protrusion of the tongue. 
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Dépréssion of the Hyoid Bone 

Infrahyoîd (Strap) Muscles: 

Sternohyoid, Thyrohyoid, Omohyoid 

The primary function of the infrahyoid muscles is 
to depress the hyoid bone during swallowing and 

Form speaking. 

9-46 


Component Movements Tested. Dépréssion of the hyoid 
bone (infrahyoid muscles) with dépréssion of the tongue 
(hyoglossus muscle). 

Test. The patient is asked to depress the root of the 
tongue as in swallowing (Figs. 9-82 and 9-83). The thera- 
pist may palpate the contraction of the infrahyoid mus¬ 
cles inferiorly to the hyoid bone. 




Figure 9-82 Relaxed position of the hyoid bone. 


Figure 9-83 Dépréssion of the hyoid bone. 
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Muscle Strength 
Assessment: Muscles of the 
Head and Neck (Table 9 - 4 ) 



Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


TABLE 9-4 Muscle Actions, Attachments, and Nerve Supply: The Head and Neck 2 


Muscle 

Primary Muscle 
Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

(Cranial) 

Nerve 

Nerve 

Root 

Infrahyoid muscles (sternohyoid, sternothyroid, and thyrohyoid) 




Sternohyoid 

Dépréssion of 
the hyoid bone 

Posterior aspect of the 
médial end of the 
clavicle; posterior 
sternoclavicular 
ligament; superior and 
posterior aspect of the 
manubrium 

Inferior aspect of the 
body of the hyoid 
bone 

Ansa cervicalis 

Cl 23 

Sternothyroid 

Dépréssion of 
the larynx 

Posterior aspect of the 
manubrium below the 
origin of the 
sternohyoid and from 
the edge of the first 
costal cartilage 

Oblique line on the 
lamina of the thyroid 
cartilage 

Ansa cervicalis 

Cl 23 

Thyrohyoid 

Dépréssion of 
the hyoid 
bone; élévation 
of the larynx 

Oblique line on the lamina 
of the thyroid cartilage 

Inferior border of the 
greater cornu and the 
adjacent part of the 
body of the hyoid 
bone 

(Hypoglos- 
sal CN XII) 

Cl 

Omohyoid 

Dépréssion of 
the hyoid bone 

Superior border of the 
scapula near the 
scapular notch; 
superior transverse 
scapular ligament 

A band of deep cervical 
fascia holds the 
intermediate portion 
of the muscle down 
towards the clavicle 
and first rib and the 
course of the muscle 
changes direction at 
this point; lower 
border of the body of 
the hyoid bone 

Ansa cervicalis 

Cl 23 

Sternomastoid 

Neck extension; 
neck flexion; 
contralatéral 
neck rotation; 
ipsilateral neck 
side flexion 

a. Sternal head: superior 
aspect of the 
manubrium 

b. Clavicular head: 
superior surface of the 
médial third of the 
clavicle 

Latéral aspect of the 
mastoid process; 
latéral half of the 
superior nuchal line 

(CN XI) 

C234 


(continuéeI) 
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TABLE 9-4 

Continuée! 





Muscle 

Primary Muscle 
Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

(Cranial) 

Nerve 

Nerve 

Root 

Longus colli 

Neck flexion; 
contralatéral 
neck rotation 
(inferior 
oblique fibers); 
neck side 
flexion (oblique 
fibers) 

a. Inferior oblique part: 
anterior aspect of the 
bodies Tl to T3 

b. Superior oblique part: 
the anterior tubercles 
of the transverse 
processes of C3 to C5 

c. Vertical part: anterior 
aspect of the bodies of 
Tl to T3 and C5 to C7 

a. Inferior oblique part: 
the anterior tubercles 
of the transverse 
processes of C5 and 

C6 

b. Superior oblique part: 
antérolatéral surface 
of the tubercle on the 
anterior arch of the 
atlas 

c. Vertical part: anterior 
aspects of the bodies 
of C2 to C4 


C23456 

Longus capitis 

Flexes the head 

Anterior tubercles of the 
transverse processes of 
C3 to C6 

Inferior surface of the 
basilar aspect of the 
occipital bone 


Cl 23 

Rectus capitis 
anterior 

Flexes the head 

Anterior aspect of the 
latéral mass of the 
atlas; root of the 
transverse process of 
the atlas 

Inferior surface of the 
basilar aspect of the 
occipital bone anterior 
to the occipital 
condyle 


C12 

Rectus capitis 
lateralis 

Ipsilateral latéral 
flexion of the 
head 

Superior aspect of the 
transverse process of 
the atlas 

Inferior aspect of the 
jugular process of the 
occipital bone 


C12 

Scalenus 

anterior 

Neck flexion and 
ipsilateral neck 
latéral flexion 
Contralatéral 
neck rotation 

Anterior tubercles of the 
transverse processes of 
C3 to C6 

Scalene tubercle on the 
inner border of the 
first rib and the ridge 
on the upper surface 
of the rib anterior to 
the groove for the 
subclavian artery 


C456 

Scalenus 

médius 

Ipsilateral neck 
latéral flexion 

Transverse process of the 
axis; anterior aspect of 
the posterior tubercles 
of the transverse 
processes of C3 to C7 

Superior aspect of the 
first rib between the 
tubercle of the rib and 
the groove for the 
subclavian artery 


C3-8 

Scalenus 

posterior 

Ipsilateral neck 
latéral flexion 

Posterior tubercles of the 
transverse processes of 
C4 to C6 

Latéral surface of the 
second rib 


C678 

Upper fibers of 
trapezius 

Head and neck 
extension 

Médial third of the 
superior nuchal line of 
the occipital bone; 
external occipital 
protubérance; 
ligamentum nuchae 

Posterior border of the 
latéral one third of the 
clavicle 

(CN XI) 


Splenius 

capitis 

Neck extension; 
ipsilateral neck 
rotation 

Inferior half of the 
ligamentum nuchae; 
the spinous processes 
of C7 and Tl to T4 and 
the corresponding 
supraspinous ligaments 

Mastoid process of the 
temporal bone; the 
occipital bone inferior 
to the latéral third of 
the superior nuchal 
line 

Middle 

cervical 

spinal 

nerves 
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TABLE 9-4 Continued 

Muscle 

Primary Muscle 
Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

(Cranial) 

Nerve 

Nerve 

Root 

Splenius 

cervicis 

Neck extension; 
ipsilateral neck 
rotation 

The spinous processes of 
T3 to T6 

Posterior tubercles of the 
transverse processes 
of the upper three 
cervical vertebrae 

Lower cervical 
spinal 
nerves 


Rectus capitis 
posterior 
major 

Head extension 
and ipsilateral 
head rotation 

Spinous process of the 
axis 

Latéral part of the 
inferior nuchal line and 
area of bone just 
inferior to the line 

First cervical 
spinal nerve 


Rectus capitis 
posterior 
minor 

Head extension 

Tubercle on the posterior 
arch of the atlas 

Médial part of the 
inferior nuchal line and 
the area of bone 
between the line and 
foramen magnum 

First cervical 
spinal nerve 


Obliquus 

capitis 

inferior 

Ipsilateral head 
rotation 

Latéral aspect of the 
spine and adjacent 
superior aspect of the 
lamina of the axis 

Inferior and posterior 
aspect of the 
transverse process of 
the atlas 

First cervical 
spinal nerve 


Obliquus 

capitis 

superior 

Head extension 
and ipsilateral 
head latéral 
flexion 

Superior surface of the 
transverse process of 
the atlas 

Occipital bone between 
the superior and 
inferior nuchal lines 
latéral to the 
semispinalis capitis 

First cervical 
spinal nerve 



Note: See Table 9-6 for other neck extensor muscles. 



Figure 9-84 Head and neck flexor muscles. 
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Note: Manual muscle testing of the head and neck is 
contraindicated in some instances. Contraindications 
include pathology that may resuit in spinal instability 
and pathology of the vertébral artery. In the absence 
of contraindications to resisted head and neck move- 
ments, résistance is applied with care not to apply too 
much résistance for the muscles being tested. 


Head and Neck Flexion 

Rectus Capitis Anterior, Longus 
Capitis, Longus Colli, Scalenus 
Anterior, Sternomastoid 

Accessory muscles: Scalenus médius, scalenus pos- 
terior, suprahyoids, infrahyoids, and rectus capitis 
Form lateralis. 

9-47 The head and neck flexors (Fig. 9-84) are tested 
in the against gravity position. The anterior head and 
neck flexors are tested as a group; followed by isolation of 
the sternomastoid muscles. 

Start Position. The patient is supine (Fig. 9-85). The arms 
are over the head resting on the plinth. The elbows are 
flexed. 





Figure 9-85 Start position for head and neck flexion. 



Figure 9-87 Screen position: head and neck flexion. 


Stabilization. The trunk is stabilized by the plinth. The 
anterior abdominal muscles must be strong enough to 
provide anterior fixation of the thorax on the pelvis. 36 In 
a patient with weak abdominals, stabilization is provided 
by downward pressure of the therapist's hand on the 
thorax (Fig. 9-86). 

Movement. The patient flexes the head and neck through 
partial (grade 2) or full range (grade 3) (Fig. 9-87). The 
patient is instructed to keep the chin depressed (i.e., 
tucked in toward the manubrium sternum) as the neck is 
flexed. 

Palpation. Longus capitis, longus colli, and rectus capitis ante¬ 
rior are too deep to palpate. The sternomastoid muscle may 
be palpated proximal to the clavicle or sternum. The 
muscle is more easily palpated in the isolated test involv- 
ing rotation. The scalenus anterior may be palpated above 
the clavicle and behind the sternomastoid. 

Résistance Location. Applied on the forehead (Fig. 9-88). 

Résistance Direction. Head and neck extension. 



Figure 9-86 Screen position: head and neck flexion with 
stabilization. 


T 



Figure 9-88 Résistance: head and neck flexors. 





























CHAPTER 9 Head, Neck, and Trunk 


449 


Head and Neck Flexion, 
Rotation and Latéral Flexion 


Palpation. Each sternomastoid muscle can be palpated at 
any point along the oblique ridge of the muscle from the 
mastoid process to the sternum or clavicle. 


Sternomastoid 



Form 

9-48 


Start Position. The patient is supine (Fig. 9-89). The 
arms are over the head resting on the plinth. The 
elbows are flexed. 


Stabilization. The trunk is stabilized by the plinth. With 
abdominal muscle weakness, stabilization of the thorax is 
required. 37 


Résistance Location. The therapist's fingers are used to 
apply résistance on the temporal région of the head (Figs. 
9-91 and 9-92). 

Résistance Direction. Oblique posterior direction and ipsi- 
lateral rotation. 


Movement. The patient laterally flexes on the test side and 
rotâtes the neck to the opposite side (Fig. 9-90). Each side 
is tested. The patient laterally flexes through partial 
(grade 2) or full range (grade 3). 




Figure 9-89 Start position: sternomastoid. 


Figure 9-90 Screen position: sternomastoid. 




Figure 9-91 Résistance: sternomastoid. 


Figure 9-92 Sternomastoid. 
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Head and Neck Extension 

h eac * an d neck extensors are tested as a group 
vÿ in the against gravity position. The muscles include 
Form semispinalis capitis, rectus capitis posterior (major 
9-49 and minor), obliquus capitis (inferior and superior), 
splenius capitis, semispinalis cervicis, longissimus capitis 
and cervicis, splenius cervicis, spinalis capitis and cervi¬ 
cis, and iliocostalis cervicis. 

The strength of upper trapezius is tested as an elevator 
of the scapula. 

Start Position. The patient is prone (Fig. 9-93). The arms 
are over the head resting on the side of the plinth. The 
elbows are flexed. 


Stabilization. The patient grasps the end of the plinth for 
stabilization. The therapist may stabilize the upper tho- 
racic région to prevent trunk extension. 

Movement. The patient extends and rotâtes the head and 
neck (Fig. 9-94). 

Palpation. The extensor muscles (Fig. 9-96) are palpated as 
a group paravertebrally. 

Résistance Location. Applied on the head just proximal 
to the occiput (Fig. 9-95). 

Résistance Direction. Head and neck flexion and rotation. 



Figure 9-93 Start position: head and neck extensors. 



Figure 9-94 Screen position: right head and neck extensors. 



Figure 9-95 Résistance: right head and neck extensors. 


1. Semispinalis capitis 

2. Rectus capitis posterior minor I 

3. Rectus capitis posterior major \\\\ 

4. Obliquus capitis inferior 

5. Obliquus capitis superior 

6. Splenius capitis 

7. Semispinalis cervicis 

8. Longissimus capitis 

9. Splenius cervicis 

10. Longissimus cervicis 

11. Iliocostalis cervicis 



Figure 9-96 Head and neck extensors. 
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Articulations and 
Movements: Trunk 


The Trunk: Thoracic and 
Lumbar Spines 

The articulations and joint axes of the trunk are illus- 
trated in Figs. 9-97, 9-98, and 9-99. The joint structure 
and movements of the trunk are described below and 
summarized in Table 9-5. 

There are 12 vertebrae in the thoracic spine and 5 in 
the lumbar spine (Fig. 9-97). Vertébral segments are 
referred to when describing the articulations of the spine. 
A vertébral segment consists of two vertebrae and the 
three articulations between them (Fig. 9-100). Anteriorly, 
intervertébral dises are positioned between the adjacent 
vertébral bodies. However, it is the orientation of the 
facet joints, located posteriorly on each side of the verté¬ 
bral segment that détermines the prédominant motions 
that occur between the vertébral segments. Each facet 
joint is formed by the inferior facet of the superior verte- 
bra articulating with the superior facet of the inferior ver- 
tebra. 



Figure 9-98 Trunk axes: (1) flexion-extension; (2) latéral 
flexion. 



Figure 9-97 Trunk articulations. 



Figure 9-99 Trunk axis: (3) rotation. 
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TABLE 9-5 Joint Structure: Trunk Movements 



Flexion 

Extension 

Latéral Flexion 

Rotation 

Articulation 38 

Lumbar spine, thoracic 

Lumbar spine, 

Lumbar spine, 

Thoracic spine, 


spine (mainly T6-12) 

thoracic spine 
(mainly T6-12) 

thoracic spine 

lumbosacral articulation 

Plane 

Sagittal 

Sagittal 

Frontal 

Horizontal 

Axis 

Frontal 

Frontal 

Sagittal 

Vertical 

Normal limiting 

Tension in the posterior 

Tension in the 

Contact between the 

Tension in the 

factors 3939 * 

longitudinal, 

anterior 

iliac crest and 

costovertebral, 

(see Fig. 

supraspinous, 

longitudinal 

thorax; tension in 

supraspinous, 

9-100) 

interspinous and 

ligament, 

the contralatéral 

interspinous, 


intertransverse 

abdominal 

trunk side flexors, 

intertransverse, and 


ligaments, the 

muscles, facet 

intertransverse and 

iliolumbar ligaments and 


ligamentum flavum, 

joint capsules and 

iliolumbar 

facet joint capsules 


facet joint capsules and 

the anterior fibers 

ligaments and 

lumbar spine and 


spinal extensor 

of the annulus; 

facet joint 

annulus fibrosus of the 


muscles; compression 

contact between 

capsules; tension 

intervertébral dises; 


of the intervertébral 

adjacent spinous 

in the contralatéral 

tension in the ipsilateral 


dises anteriorly and 

processes; 

fibers of the 

external and contralatéral 


tension in the posterior 

apposition of 

annulus; apposition 

internai abdominal 


fibers of the annulus; 

articular facets 

of articular facets 

oblique muscles; 

Normal AROM 
Tape measure 

apposition of articular 
facets thoracic spine; 
rib cage 

10 cm 5+ 

6 cm 40§ 

thoracic spine 

lumbar spine 

22 cm 41 * 

apposition of articular 
facets lumbar spine 

Inclinometer 12 

Universal 

goniometer 3 

0-60+° L spine 

0-25° L spine 

0-25° L spine 

0-35° 

0-30° T spine 

Capsular pattern 

It is difficult to perform passive movements of the trunk due to its size and weight. 

It is difficult to détermine the capsular pattern for the trunk 6 . 


*There is a paucity of definitive research that identifies the normal limiting factors (NLF) of joint motion. The NLF and end feels listed here are 
based on knowledge of anatomy, clinical expérience, and available references. 

t Measured between C7 and SI. 

*Measured between level of middle finger on thigh in anatomical position and at end of latéral flexion ROM. Value represents the mean of mean 
values from the original source 41 for right and left latéral flexion ROM of 39 healthy subjects. 

§ Measured between level of PSIS and 15 cm proximal. Value represents the rounded mean of mean values from the original source 40 for L spine 
flexion ROM of 104 children 13 to 18 years of âge. 
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Figure 9-100 Normal Limiting Factors. Postérolatéral view of the 
vertébral column to illustrate noncontractile structures that 
normally limit motion in the thoracic and lumbar spines. Motion 
limited by structures is identified in brackets, using the following 
abbreviations: F, flexion; E, extension; LF, latéral flexion; R, 
rotation. Muscles normally limiting motion are not illustrated. 


Although ail segments of the thoracic and lumbar 
spines contribute to flexion, extension, latéral flexion, 
and rotation of the trunk, the régional contribution to 
these motions varies. The surfaces of the facets in the tho¬ 
racic spine lie in the frontal plane, favoring the motions 
of latéral flexion and rotation. The facet joint surfaces of 
the lumbar spine are oriented in the sagittal plane, favor¬ 
ing flexion and extension. 


When assessing thoracic and lumbar spine ROM, the 
combined motions of the segments are assessed and mea- 
sured since segmentai motion cannot be measured clini- 
cally. Thoracic and lumbar spine movements include 
flexion and extension, which occur in the sagittal plane 
around a frontal axis (Fig. 9-98); latéral flexion, which 
occurs in the frontal plane around a sagittal axis (Fig. 
9-98); and rotation, which occurs in the transverse plane 
around a vertical axis (Fig. 9-99). 
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Surface Anatomy: Trunk (Figs. 9-101 through 9-104) 


Structure 


Location 


1. Suprasternal (jugular) notch 

2. Xiphoid process 

3. Anterior superior iliac spine (ASIS) 

4. Iliac crest 

5. Posterior superior iliac spine (PSIS) 

6. S2 spinous process 

7. Inferior angle of the scapula 

8. Spine of the scapula 

9. T7 spinous process 

10. T3 spinous process 

11. C7 spinous process 

12. Tl spinous process 

13. Acromion process 

14. Greater trochanter 


The rounded dépréssion at the superior border of the sternum, between the 
médial ends of each clavicle. 

The lower end of the body of the sternum. 

Round bony prominence at the anterior end of the iliac crest. 

Upper border of the ilium; a convex bony ridge, the top of which is level with the 
space between the spines of L4 and L5. 

Round bony prominence at the posterior end of the iliac crest, felt subcutaneously 
at the dimples on the proximal aspect of the buttocks. 

At the midpoint of a line drawn between each PSIS. 

At the inferior aspect of the vertébral border of the scapula. 

The bony ridge running obliquely across the upper four fifths of the scapula. 

Midline of the body at the level of the inferior angle of the scapula with the body in 
the anatomical position. 

With the body in the anatomical position, it is at the midpoint of a line drawn 
between the roots of the spines of each scapula. 

Often the most prominent spinous process at the base of the neck. 

The next spinous process inferior to the C7 spinous process. 

Latéral aspect of the spine of the scapula at the tip or point of the shoulder. 

With the tip of the thumb on the latéral aspect of the iliac crest, the tip of the third 
digit placed distally on the latéral aspect of the thigh locates the upper border 
of the greater trochanter. 
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Figure 9-101 Anterior aspect of the trunk. Figure 9-102 Bony anatomy, anterior aspect of the trunk. 



Figure 9-103 Posterior aspect of the trunk. Figure 9-104 Bony anatomy, posterior aspect of the trunk. 
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SECTION II Régional Evaluation Techniques 


Active Range of Motion 
Assessment and 
Measurement: Trunk 



Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


The tape measure, universal goniometer, and standard 
inclinometer are the tools used to objectively measure 
spinal AROM as presented in this text. Description of the 
general principles of application for the tape measure, 
standard inclinometer, and BROMII can be found in the 
section "Instrumentation and Measurement Procedures: 
TMJ and Spine" at the beginning of this chapter. The mea¬ 
surement of spinal AROM is described and illustrated. 


Trunk Flexion and Extension: 
Thoracolumbar Spine 

Tape Measure Measurement 

Start Positions. Flexion: The patient is standing 
V, f with feet shoulder width apart (Fig. 9-105). A tape 
Forms measure is used to measure the distance between 
9 - 50 , 9-51 the spinous processes of C7 and S2. Extension: For 
thoracolumbar extension, the patient's hands are placed 
on the iliac crests and into the small of the back (Fig. 
9-106). A tape measure is used to measure the distance 
between the spinous processes of C7 and S2. The patient 
is instructed to keep the knees straight when performing 
the test movements. 

Substitute Movement. None. 

End Positions. Flexion: The patient flexes the trunk for- 
ward to the limit of motion for thoracolumbar flexion 
(Fig. 9-107). The distance between the spinous processes 
of C7 and S2 is measured again. The différence between 
the start and end position measures is the thoracolumbar 
flexion ROM. Extension: The patient extends the trunk 
backward to the limit of motion for thoracolumbar 
extension (Fig. 9-108). The distance between the spinous 
processes of C7 and S2 is measured again. The différence 
between the start and end position measures is the thora¬ 
columbar extension ROM. 
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Figure 9-105 Start position: thoracolumbar spinal 
flexion. The distance is measured between the 
spinous processes of C7 and S2. 


Figure 9-107 End position: 
thoracolumbar spinal flexion. 




Figure 9-106 Start position for thoracolumbar 
extension. 


Figure 9-108 End position: thoracolumbar 
extension. 
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Figure 9-109 Start position: thoracolumbar Figure 9-111 Thoracolumbar flexion, 

flexion with inclinometer placement over 
the spines of C7 and S2. 




Figure 9-110 Start position: 
thoracolumbar extension. 


Figure 9-112 End position: thoracolumbar 
spine extension. 
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Trunk Flexion and Extension: 
Thoracolumbar Spine 

Inclinometer Measurement 

Start Positions. The patient is standing with feet 
shoulder width apart (Fig. 9-109). For thoracolum- 
Forms bar extension, the patienté hands are placed on 
9-52,9-53 the iliac crests and into the small of the back (Fig. 
9-110). The inclinometers are positioned and zeroed in 
each start position. The patient is instructed to keep the 
knees straight when performing the test movements. 

Substitute Movement. None. 

Inclinometer Placement. Superior: On the spine of C7. 
Inferior: On the spine of S2. 

End Positions. The patient flexes the trunk forward to the 
limit of motion for thoracolumbar flexion (Fig. 9-111). 

The patient extends the trunk backward to the limit of 
motion for thoracolumbar extension (Fig. 9-112). At the 
end position for each movement, the therapist records 
the angle measurements from both inclinometers. 

The AROM for the movement measured is the différ¬ 
ence between the inclinometer readings. 


Trunk Extension: 
Thoracolumbar Spine 

Tape Measure Measurement 
(Prone Press-Up) 

Start Position. The patient is prone (Fig. 9-113). The 
hands are positioned on the plinth at shoulder 

Form level. 

9-54 

Stabilization. A strap is placed over the pelvis. 

Substitute Movement. Lifting the pelvis from the plinth. 

End Position. The patient extends the elbows to raise the 
trunk and extends the thoracolumbar spine (Fig. 9-114). 
A tape measure is used to measure the perpendicular dis¬ 
tance between the suprasternal notch and the plinth at 
the limit of motion. This method is unsuitable for 
patients who hâve upper extremity muscle weakness or 
who find the prone position uncomfortable. In these 
cases, spinal extension is assessed in standing using a tape 
measure. 



Figure 9-113 Start position: thoracolumbar spinal extension. 



Figure 9-114 End position: thoracolumbar spinal extension. 
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Trunk Flexion and Extension: 
Lumbar Spine 

Tape Measure Measurement 

Start Positions. Flexion 40 : The patient is standing 
with feet shoulder width apart. A tape measure is 
Forms used to measure a distance and mark a point 15 
9-55,9-56 cm above the midpoint of the line connecting the 
PSISs (i.e. ; the spinous process of S2) with the patient in 
the start position (Fig. 9-115). Extension: For lumbar 
extension, the patient's hands are placed on the iliac 
crests and into the small of the back (Fig. 9-116). The 
patient is instructed to keep the knees straight when per- 
forming the test movements. 


End Positions. Flexion: The patient flexes the trunk for- 
ward to the limit of lumbar flexion motion (Fig. 9-117). A 
second measure is taken to measure the distance between 
the PSIS and the 15-cm skin mark at the limit of lumbar 
flexion ROM. The différence between the start and end 
measures is the lumbar spinal flexion ROM. This method 
of measurement is referred to as the modified-modified 
Schôber method. Extension: The patient extends the trunk 
backward to the limit of motion for lumbar extension 
(Fig. 9-118). A second measure is taken to measure the 
distance between the PSIS and the 15-cm skin mark at the 
limit of lumbar extension ROM. The différence between 
the start and end measures is the lumbar spinal extension 
ROM. 





CHAPTER 9 Head, Neck, and Trunk 


461 



Figure 9-115 Start position: lumbar flexion, 
modified-modified Schôber method. The distance 
measured is between the spine of S2 and a point 
15 cm above S2. 



Figure 9-117 End position: lumbar flexion, 
modified-modified Schôber method. 



Figure 9-116 Start position: lumbar extension. 


Figure 9-118 End position: lumbar extension. 
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Figure 9-119 Start position: lumbar flexion Figure 9-121 Lumbar spine flexion, 

with inclinometer placement over the spine of 
S2 and over a mark 15 cm above the spine 
of S2. 



Figure 9-120 Start position: lumbar spine 
extension. 


Figure 9-122 Lumbar spine extension. 
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Trunk Flexion and Extension: 
Lumbar Spine 

Inclinometer Measurement 

• Start Positions. Flexion: For lumbar flexion, the 
patient is standing with feet shoulder width apart 
Forms (Fig- 9-119). Extension : For lumbar extension, the 
9 - 57 , 9-58 patient's hands are placed on the iliac crests and 
into the small of the back (Fig. 9-120). 

The inclinometers are positioned and zeroed in each 
start position. The patient is instructed to keep the knees 
straight when performing the test movements. 

Inclinometer Placement. Superior: On a mark 15 cm above 
the spinous process of S2. Inferior: On the spine of S2. 

End Positions. Flexion: The patient flexes the trunk for- 
ward to the limit of motion for lumbar flexion (Fig. 
9-121). Extension : The patient extends the trunk backward 
to the limit of motion for lumbar extension (Fig. 9-122). 
At the end position for each movement, the therapist 
records the angle measurements from both inclinome¬ 
ters. 

The AROM for lumbar spine flexion or extension is 
the différence between the inclinometer readings in the 
end position for the movement being measured. 


Trunk Latéral Flexion 

Tape Measure Measurement 

Start Position. The patient is standing with the feet 
1^/ shoulder width apart (Fig. 9-123). The patient is 
Form instructed to keep both feet fiat on the floor when 
9-59 performing the test movements. 

Stabilization. None. 

Substitute Movement. Trunk flexion, trunk extension, 
ipsilateral hip and knee flexion, raising the contralatéral 
or ipsilateral foot from the floor. 

End Position. The patient laterally flexes the trunk to the 
limit of motion (Fig. 9-124). A tape measure is used to 
measure the distance between the tip of the third digit 
and the floor. 



Figure 9-123 Start position: trunk latéral flexion. 



Figure 9-124 End position: trunk latéral flexion. 
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Alternate Tape Measure 
Measurement 41 


• Start Position. The patient is standing with the feet 
shoulder width apart. A mark is placed on the thigh 
Form at the level of the tip of the middle finger (Fig. 
9-60 9-125). The patient is instructed to keep both feet 
fiat on the floor when performing the test movements. 


Stabilization. None. 


Inclinometer Measurement 


• Start Position. The patient stands with feet shoulder 
width apart. The inclinometers are positioned and 
Form zeroed (Fig. 9-128). The patient is instructed to 
9-61 keep both feet fiat on the floor when performing 
the test movements. 


Inclinometer Placement. Superior: On the spine of Tl. 
Inferior: On the spine of S2. 


End Position. The patient laterally flexes the trunk to the 
limit of motion. A second mark is placed on the thigh at 
the level of the tip of the middle finger (Fig. 9-126). 

Measurement. A tape measure is used to measure the dis¬ 
tance between the marks placed on the thigh at the level 
of the tip of the middle finger at the start position and at 
the end position (Fig. 9-127). The distance measured rep- 
resents the latéral flexion ROM. 


End Position. The patient laterally flexes the trunk to the 
limit of motion (Fig. 9-129). At the end position, the 
therapist records the angle measurements from both 
inclinometers. The AROM for latéral flexion is the différ¬ 
ence between the inclinometer readings. 



Figure 9-125 Start position: trunk latéral 
flexion. 


Figure 9-126 End position: trunk latéral 
flexion. 


Figure 9-127 Measurement: trunk latéral 
flexion. 
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Figure 9-128 Inclinometer placement (spines of Figure 9-129 End position: trunk latéral flexion. 

Tl and S2) for trunk latéral flexion. 


Universal Goniometer Measurement 


Movable Arm. Points toward the spine of C7. 


Start Position. Standing (Fig. 9-130). 


Form Goniometer Axis. In the midline at the level of the 
9-62 PSIS (i.e., over the S2 spinous process). 


Stationary Arm. Perpendicular to the floor. 


Latéral Flexion. The goniometer is realigned at the limit of 
trunk latéral flexion (Fig. 9-131). The number of degrees 
the movable arm lies away from the 0° position is 
recorded as the thoracolumbar latéral flexion ROM to the 
side measured. 




Figure 9-130 Start position: universal goniometer Figure 9-131 End position: trunk latéral flexion, 

placement trunk latéral flexion. 
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Trunk Rotation: 

Thoracolumbar Spine 

Tape Measure Measurement 

Start Position. The patient is sitting with the feet 
V^/ supported on a stool and the arms crossed in front 
Form of the chest. The patient holds the end of the tape 
9-63 measure on the latéral aspect of the acromion pro- 
cess. The therapist holds the other end of the tape mea¬ 
sure on either the uppermost point of the iliac crest at the 
midaxillary line (not shown) or on the upper border of 
the greater trochanter (Fig. 9-132). The distance between 
the latéral aspect of the acromion process and the upper¬ 
most point of the iliac crest at the midaxillary line or the 
upper border of the greater trochanter is measured. 

Stabilization. The body weight on the pelvis; the therapist 
can also stabilize the pelvis. 

Substitute Movement. Trunk flexion, trunk extension, and 
shoulder girdle protraction (on the side the tape measure 
is held). 


End Position. The patient rotâtes the trunk to the limit of 
motion (Fig. 9-133). The distance between the latéral 
aspect of the acromion process and either the uppermost 
point of the iliac crest at the midaxillary line or the upper 
border of the greater trochanter is measured at the limit 
of rotation. The différence between the start position and 
end position measures is the thoracolumbar rotation 
ROM. The surface landmarks used in the assessment 
should be documented. 

Frost and colleagues 42 described the use of the tape 
measure to measure trunk rotation (using the posterior 
clavicular prominence and the greater trochanter as land¬ 
marks) and noted that the accurate définition and palpa¬ 
tion of the landmarks used in the assessment are critical 
for reliable assessment. 

Clarkson recommends using the latéral aspect of the 
acromion process and the uppermost point of the iliac 
crest as the preferred surface landmarks, as these are eas- 
ily palpated. 



Figure 9-132 Start position: trunk rotation. 


Figure 9-133 End position: trunk rotation. 
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Trunk Rotation: 

Thoracic Spine 

Inclinometer Measurement 

Start Position. The patient is standing with the arms 
crossed in front of the chest. The patient leans for- 
Form ward with the head and trunk parallel to the floor 
9-64 or as close to this position as possible. The incli- 
nometers are positioned and zeroed (Fig. 9-134). 

Inclinometer Placement. Superior: On the spine of Tl. 
Inferior: On the spine of Tl2. 



Figure 9-134 Start position: thoracic spine 
rotation with inclinometers placed over the spines 
of Tl and Tl 2. 


End Positions. The patient rotâtes the trunk to the limit 
of motion (Fig. 9-135). At the end position, the therapist 
records the angle measurements from both inclinome¬ 
ters. The AROM for thoracic spine rotation is the différ¬ 
ence between the inclinometer readings. 

Substitute Movement. Trunk flexion and trunk extension. 
The range of trunk rotation when measured in the for- 
ward lean or stooped posture is less than when measured 
in sitting. 43 This may be caused by the contraction of the 
back muscles required to sustain the stooped posture that 
splint the spine and restrict trunk rotation. 43 



Figure 9-135 End position: thoracic spine 
rotation. 
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Chest Expansion 

Tape Measure Measurement 

Start Position. The patient is sitting. The patient 
V* 7 makes a full expiration (Fig. 9-136). 

Form 

9-65 End Position. The patient makes a full inspiration 
(Fig. 9-137). 

Measurement. A tape measure is used to measure the cir- 
cumference of the chest at the level of the xiphisternal 
joint. Measures are taken at full expiration and at full 
inspiration. The différence between the two measures is 


the chest expansion. The chest expansion may also be 
measured at the levels of the nipple line and anterior axil- 
lary fold. The chest expansion measured at the latter 
points is slightly less than that at the xiphisternal joint. 
It is recommended 44 that two measurement sites, specifi- 
cally the xiphoid and axilla, and a consistent patient 
position be used to provide a thorough évaluation of pul- 
monary status. A wide range of normal values exists for 
normal chest expansion and, beginning in the late 30s, 
chest expansion gradually decreases with increasing 
âge. 45 Decreased chest expansion may indicate costover- 
tebral joint involvement in certain pathological condi¬ 
tions 46 or may occur with chronic obstructive pulmonary 
disease (e.g., emphysema). 
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Validity and Reliability: 

MEASUREMENT OF THE 

Thoracic and Lumbar 
Spine AROM 


Littlewood and May 47 reviewed studies of the validity of 
low-tech clinical procedures, that is, clinically common, 
simple to use, and noninvasive methods, compared to 
x-ray (gold standard) measures of lumbar spine ROM in 
patients with nonspecific low-back pain. Only four stud¬ 
ies were found that matched the criteria for inclusion for 
qualitative review. Littlewood and May 47 found limited 
evidence of validity of the modified-modified Schôber 
method for lumbar spine flexion ROM, and the double 
inclinometry method for measuring total lumbar flexion/ 
extension, and lumbar extension ROM. There was also 
conflicting evidence of the validity of the double incli¬ 
nometry method for lumbar flexion ROM. Therefore, 
Littlewood and May 47 were not able to make "convincing 
conclusions." These researchers indicate 47 that there is a 
need for high-quality meaningful research and reporting 


of the validity (using radiographie comparison) of low- 
tech clinical methods used to measure lumbar spine ROM 
in patient populations. 

The reliability of tests of the low back assessment of 
ROM, strength, and endurance was reviewed by 
Essendrop, Maul, Lâubli et al. 48 This research team 
searched databases for studies published from 1980 until 
1999 from the Danish, German, and English language 
and literature. Only six studies that pertained to the reli¬ 
ability of tests of the low back assessment of ROM met 
the predetermined quality criteria and qualified for 
review. The most reliable methods of measuring mobility 
of the low back, when groups but not single individuals 
are compared, appeared to be the tape measure for trunk 
flexion, the tape measure and Cybex EDI 320 goniomet- 
ric measurements for trunk latéral flexion, and no reliable 
measurement methods were found for trunk extension or 
rotation. Essendrop, Maul, Lâubli et al. 48 could not make 
a recommendation for consensus, and indicate a need for 
more quality research and reporting of reliability studies 
of measures of low back function. 
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Muscle Length Assessment 
and Measurement: Trunk 


Practice Makes Perfect 

To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing form found at 
http://thepoint.lww.com/Clarkson3e. 


Trunk Extensors and 
Hamstrings (Toe-Touch Test) 

« A The trunk extensors are the erector spinae (iliocos- 
r/ talis thoracis and lumborum, longissimus thoracis, 
Form spinalis thoracis, semispinalis thoracis, and multifi- 
9-66 dus); the hip extensor and knee flexor muscles are 
the hamstrings (semitendinosus, semimembranosus, and 
biceps femoris). The toe-touch test provides a composite 
measure of hip, spine, and shoulder girdle ROM. 

Start Position. The patient is standing (Fig. 9-138). 

Substitute Movement. Knee flexion. 

Stabilization. None. 

End Position. The patient flexes the trunk and hips and 
reaches toward the toes to the limit of motion (Fig. 
9-139). 

Measurement. A tape measure is used to measure the dis¬ 
tance between the floor and the most distant point 
reached by both hands. Normal ROM is présent if the 
patient can touch the toes. If the patient can reach 
beyond floor level, the test can be carried out with the 
patient standing on a step or platform to measure reach 
distance beyond the supporting surface. 



Figure 9-138 Start position: toe-touch test. 



Figure 9-139 End position: trunk extensor and 
hamstring muscle length. 
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Muscle Strength 
Assessment: Muscles of 
the Trunk (Table 9-6) 



Practice Makes Perfect 


To aid you in practicing the skills covered in this 
section, or for a handy review, use the practical 
testing forms found at 
http://thepoint.lww.com/Clarkson3e. 


TABLE 9-6 Muscle Actions, Attachments, and Nerve Supply: 
The Trunk, Head, and Neck 2 


Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

Nerve 

Nerve 

Root 

Rectus 

abdominis 

Trunk flexion 

Crest and superior 
ramus of the pubis; 
ligaments covering the 
anterior surface of the 
symphysis pubis 

Fifth, sixth, and seventh 
costal cartilages 

Lower six or 

seven 

thoracic 

spinal 

nerves 

T5-12 

External 

abdominal 

oblique 

Trunk rotation; 
trunk flexion 

Eight digitations from 
the external and 
inferior surfaces of the 
lower eight ribs 

Anterior half of the outer lip 
of the iliac crest; by an 
aponeurosis to merge 
with a similar aponeurosis 
from the opposite side 
into the linea alba from 
the xiphoid process to 
the symphysis pubis; as 
the inguinal ligament into 
the anterior superior iliac 
spine and the pubic 
tubercle 

Lower six 
thoracic 
spinal 
nerves 

T6-12 

Internai 

abdominal 

oblique 

Trunk rotation; 
trunk flexion 

Latéral two thirds of the 
inguinal ligament; 
anterior two thirds of 
the iliac crest; the 
thoracolumbar fascia 

Inferior borders of the 
lower three or four ribs; 
pubic crest and médial 
aspect of the pecten 
pubis; by an aponeurosis 
that splits around the 
rectus abdominus and 
inserts into the linea alba 
and the cartilages of ribs 
seven, eight, and nine 

Lower six 
thoracic 
and first 
lumbar 
spinal 
nerves 

T6-12, 

L1 

Transversus 

abdominus 

Compresses the 
abdominal 
contents 

Latéral third of the 
inguinal ligament; 
anterior two thirds of 
the inner lip of the iliac 
crest; the 

thoracolumbar fascia 
between the iliac crest 
and rib twelve; the 
internai aspects of the 
costal cartilages of 
the lower six ribs 

By an aponeurosis into the 
crest and pecten of the 
pubis and linea alba 

Lower six 
thoracic 
and first 
lumbar 
spinal 
nerves 

T6-12, 

L1 

Quadratus 

lumborum 

Elévation of the 
pelvis; trunk 
side flexion 

The iliolumbar ligament 
and the adjacent 
posterior aspect of 
the iliac crest 

Médial half of the inferior 
border of the 12th rib; by 
four small tendons into 
the tips of the transverse 
processes of the upper 
four lumbar vertebrae 

Twelfth 
thoracic 
and upper 
three or 
four lumbar 
spinal 
nerves 

Tl 2, 

L1-4 


(continuéeI) 
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TABLE 9-6 Continuée! 

Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

Nerve 

Nerve 

Root 

Erector spinae 

The erector spinae lies along the sides of the vertébral column. The muscle is composed of 
three major columns of muscle mass (from latéral to médial: iliocostalis, longissimus and 
spinalis) ail having a common origin: 

Cl-8 

Tl-12 

L1-5 



The posterior aspects of 
the sacrum and iliac 
crest; the 

sacrotuberous and 
dorsal sacroiliac 
ligaments; the L1 to 

L5 and Tl 1 and Tl 2 
spinous processes, 
and corresponding 
supraspinous ligament 





The three columns hâve origins of attachment in addition to the common origin. The three 
columns become identifiable at different levels of the lumbar région. Each column is 
composed of three smaller parts that span from six to ten segments of the vertébral column. 


a. Iliocostalis 

1. Iliocostalis 
lumborum 

Trunk extension; 
trunk side 
flexion 


Inferior borders of the 
angles of ribs five to 
twelve 

Lower 
cervical, 
thoracic 
and upper 
lumbar 
spinal 
nerves 


2. Iliocostalis 
thoracis 

Trunk extension; 
trunk side 
flexion 

The superior borders of 
the angles of ribs six 
to twelve 

Superior borders of the 
angles of ribs one to six; 
posterior aspect of the 

C7 transverse process 



3. Iliocostalis 
cervicis 

Neck extension; 
neck side 
flexion 

The angles of ribs three 
to six 

Posterior tubercles of the 
transverse processes of 

C4 to C6 



b. Longissimus 

1. Longissimus 
thoracis 

Trunk extension 

The posterior aspects of 
the transverse 
processes and 
accessory process of 

L1 to L5; the middle 
layer of the 
thoracolumbar fascia 

The tips of the transverse 
processes ofTI toT12; 
between the tubercles 
and angles of the lower 
nine to ten ribs 

Lower 
cervical, 
thoracic 
and lumbar 
spinal 
nerves 


2. Longissimus 
cervicis 

Neck extension 

Transverse processes of 

Tl to T5 

Posterior tubercles of the 
transverse processes of 

C2 to C6 



3. Longissimus 
capitis 

Head and neck 
extension 

Head and 
neck rotation 
(ipsilateral) 

Transverse processes of 

Tl to T5; articular 
processes of C3 to C7 

Mastoid process 



c. Spinalis 

1. Spinalis 
thoracis 

Trunk extension 

Spinous processes of 

L1, L2, Tl 1, and T12 

Spinous processes of Tl to 
T4 or T8 

Lower 

cervical 

and 

thoracic 

spinal 

nerves 
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TABLE 9-6 Continued 

Muscle 

Primary 

Muscle Action 

Muscle Origin 

Muscle Insertion 

Peripheral 

Nerve 

Nerve 

Root 

2. Spinalis 
cervicis 

Neck extension 

Inferior aspect of the 
ligamentum nuchae, 
spinous processes of 
C7, Tl, and T2 

The spinous processes of 

Cl to C3 



3. Spinalis 
capitis 

Head extension 

Tips of the transverse 
processes of C7 and 

Tl to T7; articular 
processes of C5 to C7 

Région between the 
superior and inferior 
nuchal lines of the 
occiput 



Transverso- 

spinalis 

a. Semispinalis 

1. Semispinalis 
thoracis 

2. Semispinalis 
cervicis 

3. Semispinalis 
capitis 

Trunk extension; 
contralatéral 
trunk rotation 

Neck extension; 
contralatéral 
neck rotation 
Head extension; 
contralatéral 
rotation of 
head 

Transverse processes of 
T6 to Tl 0 

Transverse processes of 

Tl to T6 

Tips of the transverse 
processes of C7 and 

Tl to T7; articular 
processes of C4 to C6 

Spinous processes of C6, 

C7 and Tl to T4 

Spinous processes of C2 
to C5 

Médial aspect of the région 
between the superior 
and inferior nuchal lines 
of the occipital bone 

Cervical and 
thoracic 
spinal 
nerves 


b. Multifidus 

Trunk extension; 
trunk side 
flexion; trunk 
rotation 
(control of 
posture) 

Posterior aspect of the 
sacrum; aponeurosis 
of erector spinae; 
posterior superior iliac 
spine; dorsal 
sacroiliac ligament; 
transverse processes 
of C4 through L5 

Into the spinous processes 
of from one to four of the 
vertebrae above 

Dorsal rami of 
the spinal 
nerves 


Rotatores 

Trunk rotation 
(control of 
posture) 

Superior and posterior 
aspect of the 
transverse processes 
of the vertebrae in the 
cervical, thoracic and 
lumbar régions 

Inferior and latéral aspect 
of the lamina of the 
vertebra above in the 
cervical, thoracic and 
lumbar régions 

Dorsal rami of 
the spinal 
nerves 


Interspinales 

Trunk extension 
(control of 
posture) 

Short muscular fasciculi between the spines of 
contiguous vertebrae latéral to the interspinous 
ligament bilaterally in the cervical, thoracic and 
lumbar régions 

Dorsal rami of 
the spinal 
nerves 


Intertransversarii 

Trunk side 
flexion (control 
of posture) 

Short muscles between the transverse processes of 
contiguous vertebrae in the cervical, thoracic and 
lumbar régions 

Dorsal and 
ventral rami 
of the 
spinal 
nerves 
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Trunk Flexion 

The strength of the neck and hip flexors should be tested 
before testing the strength of the abdominal muscles. 36 If 
the neck flexors are weak, the head will hâve to be sup- 
ported during the testing. 

A half curl-up is performed to assess abdominal mus¬ 
cle strength. The movement begins from a supine posi¬ 
tion with the feet unsupported. The patient initially tilts 
the pelvis posteriorly to flex the lumbar spine, flexes the 
cervical spine, and then flexes the thoracic spine to lift 
the head and scapulae off the plinth. 

Using the curl-up movement with the feet unsup¬ 
ported is more effective in activating the rectus abdomi- 
nus muscle than performing the full sit-up from the 
supine position with the feet supported. 49 The first phase 
of the curl-up, start position to 45°, is primarily performed 
by the rectus abdominis, whereas the second phase, from 
45° to the sitting position, is primarily performed by the 
iliacus muscle. 50 Therefore, a half curl-up is used to test 
abdominal muscle strength. 

Rectus Abdominis 


A Accessory muscles: iliopsoas, rectus femoris, inter- 
VÏ*7 nal abdominal oblique, and external abdominal 
Form oblique. 

9-67 The rectus abdominis muscle (Fig. 9-145) is 
tested in the against gravity position for ail grades. 


Start Position. The patient is supine. 

Stabilization. Flexion of the cervical spine serves to fix the 
thorax and when combined with a posterior pelvic tilt 
provides the optimal posture for decreasing the lumbar 
lordosis, reducing the stress on the low back, and activat¬ 
ing the abdominal muscles 51 in performing the curl-up. If 
the patient is unable to perform a posterior pelvic tilt and 
maintain the lumbar spine in a flexed position when 
being tested for abdominal muscle strength, the test is 
discontinued. 

To prevent contraction of the iliopsoas muscle and 
greater hyperextension of the lumbar spine, the therapist 
should not stabilize the feet. 52 


Movement. The patient initially tilts the pelvis posteri¬ 
orly to flex the lumbar spine, flexes the cervical spine 
lifting the head off the plinth, and then flexes the tho¬ 
racic spine to perform a curl-up. The movement is per¬ 
formed slowly. 


Substitute Movement. Hip flexors (lumbar lordosis). 36 

Palpation. Latéral to the midline on the anterior abdomi¬ 
nal wall midway between the sternum and the pubis. 

Grading 

• Grade 0: No movement, and no palpable contraction is 
évident. 

• Grade 1: No movement is possible but a flicker of a 
muscle contraction may be palpated. When testing for 
grade 1, the patient may also be asked to cough while 
the therapist observes and palpâtes for the presence of 
muscle contraction (Fig. 9-140). 

• Grade 2 (Fig. 9-141): With the arms held outstretched 
in front of the trunk, the patient lifts the head and 
cervical spine off the plinth. The scapulae remain on 
the plinth. 

• Grade 3 (Fig. 9-142): With the arms held outstretched 
in front of the trunk, the patient lifts the inferior angles 
of the scapulae clear of the plinth. 

Résistance. Résistance is not applied manually by the 
therapist but is provided through positioning of the arms. 
The résistance of the head, trunk, and upper limbs 
increases as the upper limbs are moved toward the head. 
Accordingly, the arms are positioned across the chest (Fig. 
9-143) or at above shoulder level with the hands beside 
the ears (Fig. 9-144) throughout the movement, for 
grades of 4 and 5, respectively. Note: For grade 5 testing, 
the hands are positioned beside the ears, rather than 
behind the head, to prevent stress being placed on the 
cervical spine inadvertently during testing. 

Grading 

• Grade 4 (Fig. 9-143): With the arms positioned across 
the chest, the patient lifts the inferior angles of the 
scapulae clear of the plinth. 

• Grade 5 (Fig. 9-144): With the hands positioned beside 
the ears, the patient lifts the inferior angles of the scap¬ 
ulae clear of the plinth. 
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Figure 9-140 Test position: rectus abdominis, grade 0 or 1. The 
therapist asks the patient to cough while palpating for muscle 
contraction. 



Figure 9-141 Test position: rectus abdominis, grade 2. 




Figure 9-145 Rectus abdominis. 
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Trunk Flexion and Rotation 

Against Gravity: External Abdominal 
Oblique, Internai Abdominal Oblique 

Accessory muscles: rectus abdominus, semispinalis 
Vy thoracis, multifidus, rotatores, and latissimus dorsi. 
Form 

9-68 Start Position. The patient is supine. 

Stabilization. None. 

Movement. The patient flexes and rotâtes the trunk to 
perform a half curl-up with rotation (Fig. 9-146). The 
patient performs the movement slowly. 

Palpation. External abdominal oblique: at the lower edge of 
the rib cage. Internai abdominal oblique: médial to and 
above the anterior superior iliac spine. 

When trunk rotation is performed toward the patient's 
right side, the left external abdominal oblique and right 
internai abdominal oblique muscles are palpated. When 
trunk rotation is performed toward the patient's left side, 



Figure 9-146 Screen position: right external abdominal oblique 
and left internai abdominal oblique, grade 3. 


the right external abdominal oblique and left internai 
abdominal oblique muscles are palpated. 

Substitute Movement. None. 

Résistance. Résistance is provided through positioning of 
the arms 37 and increases as the arms are moved cranially. 
The arms are positioned across the chest (Fig. 9-147) or 
with the hands beside the ears (Fig. 9-148) throughout 
the movement, for grades of 4 and 5, respectively. 

Grading 

• Grade 3 (Fig. 9-146): With the arms held outstretched 
in front of the trunk, the patient flexes and rotâtes the 
trunk to lift the inferior angles of the scapulae clear of 
the plinth. 

• Grade 4 (Fig. 9-147): With the arms positioned across 
the chest, the patient flexes and rotâtes the trunk to lift 
the inferior angles of the scapulae clear of the plinth. 

• Grade 5 (Fig. 9-148): With the hands positioned beside 
the ears, the patient flexes and rotâtes the trunk to lift 
the inferior angles of the scapulae clear of the plinth. 



Figure 9-147 Test position: right external abdominal oblique and 
left internai abdominal oblique, grade 4. 



Figure 9-148 Test position: right external abdominal oblique and 
left internai abdominal oblique, grade 5. 










CHAPTER 9 Head, Neck, and Trunk 


477 


Gravity Eliminated: External Abdominal 
Oblique, Internai Abdominal Oblique 

Start Position. The patient is sitting with the hands off the 
plinth and the feet supported (Fig. 9-149). 

Stabilization. The pelvis is stabilized by the patient's body 
weight. 

End Position. The patient rotâtes the thorax with slight 
flexion (Figs. 9-150 and 9-151). 


Substitute Movement. None. 

Déviation of the umbilicus 36 : With marked weakness 
of the abdominal muscles déviation of the umbilicus can 
occur during testing. The umbilicus will be pulled toward 
the stronger muscle (s) and away from the weaker 
muscle (s). The umbilicus may also be pulled by and devi- 
ated toward a muscle that is shortened and being 
stretched. Palpation of the muscles can be used to con- 
firm the presence of déviation of the umbilicus due to 
muscle imbalance. 




Figure 9-149 Start position: external abdominal 
oblique, internai abdominal oblique. 


Figure 9-150 End position: left external abdominal oblique, 
right internai abdominal oblique, grade 2. 



Figure 9-151 Left external abdominal oblique, right internai 
abdominal oblique. 
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Figure 9-152 Start position: double 
straight leg lowering. 



Figure 9-153 Test position: hip flexion 60°, grade 3+. 


Double Straight 
Leg Lowering 53 


External Abdominal Oblique, Internai 
Abdominal Oblique, Rectus Abdominis 


Start Position. The patient is lying supine. The 
therapist raises the legs to a position of 90° hip 
Form flexion (Fig. 9-152). The patient posteriorly tilts the 
9-69 pelvis to flex the lumbar spine and flatten the small 
of the back onto the plinth. 


Stabilization. None. 


Movement. The therapist places one hand touching the 
postérolatéral aspect of the ilium to ensure the posterior 
pelvic tilt is maintained while the patient slowly lowers 
the legs to the plinth. 

Movement is stopped when the patient can no longer 
maintain the posterior pelvic tilt. When the therapist 
feels that the pelvis begins to rotate anteriorly, the thera¬ 
pist supports the legs and notes the angle between the 
legs and the plinth before lowering the legs to the plinth. 


Measurement. The OB "Myrin" goniometer may be used 
to measure the angle of hip flexion at the limit of motion. 
This measurement procedure allows the therapist to eas- 
ily assess the angle of hip flexion without assistance. The 
strap is placed around the distal thigh and the dial is 
placed on the latéral aspect of the thigh (Fig. 9-154). 

Grading. 36 Angles of hip flexion are translated into grades 
as follows: 

• Grade 3: 90° to 75° 

• Grade 3+: 74° to 60° (Fig. 9-153) 

• Grade 4-: 59° to 45° 

• Grade 4: 44° to 30° 

• Grade 4+: 29° to 15° (Fig. 9-154) 

• Grade 5: 14° to 0°. 



Figure 9-154 Test position: hip flexion 20°, grade 
4-. 


Palpation. External abdominal oblique: at the lower edge of 
the rib cage. Internai abdominal oblique: médial to and 
above the anterior superior iliac spine. Rectus abdominus: 
latéral to the midline on the anterior abdominal wall 
midway between the sternum and the pubis. 

Substitute Movement. Increased lumbar lordosis due to 
anterior tilting of the pelvis. 

Résistance. Résistance is not applied manually by the 
therapist but is provided through the increased torque 
created by the lower extremities as the limbs are moved 
from 90° hip flexion to the surface of the plinth. 
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Trunk Extension 

Erector Spinae: lliocostalis Thoracis 
and Lumborum, Longissimus Thoracis, 
Spinalis Thoracis, Semispinalis 
Thoracis, and Multifidus 

Accessory muscles: interspinales, quadratus lumbo- 
vy mm, and latissimus dorsi. 

Form The strength of the neck and hip extensors 
9-70 should be tested before testing the strength of the 
trunk extensor muscles. 37 If the neck extensors are weak, 
the head will hâve to be supported during testing. If the 
hip extensors are weak or paralyzed, the pelvis cannot be 
adequately fïxed in an extended position on the thigh as 
the patient attempts trunk extension and the patient will 
be unable to extend the trunk. 36 

The trunk extensors are tested as a group in the against 
gravity position. 

Start Position. The patient is prone-lying with the feet 
over the end of the plinth and a pillow under the abdo¬ 
men (Fig. 9-155). 

Stabilization. A strap is placed over the pelvis to isolate the 
lumbar extensor muscles 54 and the therapist stabilizes the 
legs proximal to the ankles. 


Substitute Movement. None. 

Palpation. The trunk extensor muscles (Fig. 9-160) are 
palpated as a group paravertebral to the lumbar or tho- 
racic spines. 

Grading 

• Grade 0: No movement, and no palpable contraction is 
évident. 

• Grade 1: No movement is possible but a flicker of a 
muscle contraction can be palpated or observed as the 
patient attempts to lift the head. 

• Grade 2: With the arms at the sides, the patient lifts the 
head and upper portion of the sternum off the plinth 
(Fig. 9-156). 

• Grade 3: With the hands held behind the low back, the 
patient extends the trunk through partial ROM (Fig. 
9-157). 

Résistance. Résistance is not applied manually by the 
therapist. Résistance is provided through positioning of 
the arms and increases as the upper limbs are positioned 
toward the head. The hands are positioned behind the 
low back (Fig. 9-158) or behind the head (Fig. 9-159) to 
test for grades 4 and 5, respectively. 37 




Figure 9-155 Test position: trunk extensors, grade 0 or 1. 


Figure 9-156 Test position: trunk extensors, grade 2. 
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Figure 9-157 Screen position: trunk extensors, grade 3. 



Figure 9-158 Test position: trunk extensors, grade 4. 



Grading 

• Grade 4: With the hands held behind the back, the 
patient extends the trunk through the full ROM, that 
is, lifts the head and upper portion of the sternum, so 
that the xiphoid process is off the plinth (Fig. 9-158). 

• Grade 5: With the hands held behind the head, the 
patient extends the trunk through the full ROM and 
lifts the head and the sternum, so that the xiphoid pro¬ 
cess is off the plinth (Fig. 9-159). 


1. Iliocostalis 
thoracis 

2. Iliocostalis 
lumborum 

3. Longissimus 
thoracis 

4. Spinalis 
thoracis 

5. Semispinalis 
thoracis 

6. Multifundus 

7. E recto r 
spinae 




£ 


te 


te» 



Figure 9-159 Test position: trunk extensors, grade 5. 


Figure 9-160 Trunk extensors. 
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Pelvic Elévation 

Gravity Eliminated: 

Quadratus Lumborum 

\ Accessory muscles: latissimus dorsi, contralatéral 
hip abductors, internai abdominal oblique, exter- 
Form nal abdominal oblique, and erector spinae. 

9-71 The quadratus lumborum muscle is tested in the 
gravity eliminated position. 

Start Position. The patient lies supine or prone (Fig. 
9-161) with the feet off the end of the plinth, the hip in 
abduction, and slight extension. 

Stabilization. The weight of the trunk; the patient holds 
the edges of the plinth. 

Palpation. Above the crest of the ilium, latéral to the para¬ 
vertebral extensor muscle mass, although quadratus lum¬ 
borum is difficult to palpate. 

Substitute Movement. Latéral fibers of the external abdom¬ 
inal oblique and internai abdominal oblique, latissimus 
dorsi, and erector spinae. 


T 



Figure 9-161 Start position: quadratus lumborum. 


Grading 

• Grade 0: No movement, and no palpable contraction is 
évident. 

• Grade 1: No movement but a flicker of a muscle con¬ 
traction may be palpated (see note under palpation 
above) as the patient attempts to elevate the iliac crest 
toward the ribs. 

• Grade 2: The patient elevates the iliac crest toward the 
ribs through the full ROM (Fig. 9-162). 


Resisted Gravity Eliminated: 

Quadratus Lumborum 

Start Position. The patient lies supine or prone (Fig. 
9-161) with the feet off the end of the plinth, with the 
hip in abduction and slight extension. 

Stabilization. The weight of the trunk; the patient holds 
the edges of the plinth. 

Movement. The patient elevates the iliac crest toward the 
ribs through the full ROM. 




Figure 9-162 End position: quadratus lumborum. 
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Résistance Location. Anterior aspect of the distal end of 
the fémur (Fig. 9-163). Alternatively, résistance can be 
applied on the postérolatéral aspect of the iliac crest if hip 
pathology is présent (Fig. 9-164). 

Résistance Direction. A traction force equal to the weight 
of the leg is applied to the fémur when performing a 
screen test and additional résistance is applied for grades 
4 and 5. 

Grading 

• Grade 3: The patient elevates the iliac crest toward the 
ribs through the full ROM against résistance equal to 
the weight of the lower extremity (Fig. 9-163). 



• Grade 4: The patient elevates the iliac crest toward the 
ribs through the full ROM against résistance equal to 
the weight of the lower extremity and moderate résis¬ 
tance. 

• Grade 5: The patient elevates the iliac crest toward the 
ribs through the full ROM against résistance equal to 
the weight of the lower extremity and maximal résis¬ 
tance. 

Alternatively, quadratus lumborum may be tested 
against gravity in standing. The therapist must ensure the 
contralatéral hip abductors do not contract to depress the 
ipsilateral pelvis and elevate the iliac crest on the test side 
for quadratus lumborum. 37 



Figure 9-164 Quadratus lumborum. 
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Functional Application: 
Neck and Trunk 


Joint Function: 

Neck and Trunk 

The trunk complex articulations include the vertébral 
column, sacrum and coccyx, ribs, costal cartilages, and 
sternum. The vertébral column and its System of linkages 
hâve particular significance in functional application of 
ROM and strength. The stability function of the spine 
includes resisting compressive forces; supporting the 
major portion of the body weight; supporting the head, 
arms, and trunk against the force of gravity; shock 
absorption; protection of the spinal cord; and providing 
a stable structure for movement of the extremities. 7,55 

The articulations at the intervertébral body and facet 
joints of the vertébral column permit movement in flex¬ 
ion, extension, latéral flexion, and rotation to allow neck 
and back mobility. The functional range of the lower 
région of the spine is increased by the tilt of the pelvis. 
The total motion of the spine is the resuit of the collec¬ 
tive movements of the articulations of the various seg¬ 
ments of the vertébral column 714,56 with functional 
ranges varying between individuals. 56 Restriction of 
motion at any level may resuit in increased motion at 
another level. 56 Mobility in ail planes is the greatest at the 
cervical spine segment. The thoracic spine has limited 
mobility in ail planes due to the limitations imposed by 
the thorax. 1,7,14 Through movements of the thoracic wall, 
intrathoracic volume is increased or decreased for inspira¬ 
tion and expiration. The lumbar spine is most mobile in 
the sagittal plane. Functional ROM is described for the 
cervical and the thoracic and lumbar spines. 


Functional Range of Motion 

Cervical Spine 

The movement components of the cervical spine allow 
movement for functioning of the sense organs within the 
head 57 and expression of nonverbal communication, 
including affirmative (nodding) or négative responses. 
Maintenance of ROM in flexion, extension, latéral flex¬ 
ion, and rotation is of particular importance to the indi- 
vidual for interacting with the environment through the 
sense of vision. The significance of the interdependence 
between vision and neck movements is demonstrated in 
many self-care, leisure, and occupational tasks. 

During ADL, neck flexion and extension are the most 
frequently performed neck movements, occurring twice 
as often as latéral flexion and rotation. 58 Full ROM in ail 
planes is not required for most self-care activities (Table 
9-7) (Figs. 9-165 and 9-166). The majority of neck ROM 
performed during normal daily activities is less than 15° 
(i.e., médian ROM of 13° for flexion, extension, and rota¬ 
tion; and 10° for latéral flexion). 58 

Ranges approximating full values may be required for 
such activities as driving (in a left-hand drive car: neck 
rotation occasionally reaching 36° left and 43° right rota¬ 
tion 60 (Fig. 9-167), painting a ceiling, placing an object on 
a high shelf (Fig. 9-168), gazing at the stars (extension), 
and many spécifie leisure and occupational tasks linking 
vision and neck movements. When eye mobility is 
restricted, greater cervical spine ROM may be required 62 
or head posture may be affected 63 to accommodate for 
the restricted field of gaze. 

Neck extension is required when drinking (Fig. 9-169). 
The shape of the body of the glass and the diameter of 
the rim are factors that détermine the amount of 
neck extension required to drink from a glass. 64 "Pot- 
bellied" and narrow-rimmed glasses require more neck 


TABLE 9-7 Cervical Spine ROM Required for Selected ADL 59 ’ 60 *’ 61 * 


Activity 

Flexion ROM 

Max 

Extension ROM 

Max 

Rotation ROM 
Max 

Latéral Flexion ROM 

Max 

Cervical Spine ROM 





Shampooing hair 59 

O 

CO 

- 

- 

- 

Washing face 59 

16° 

- 

- 

- 

Eating 59 

- 

8° 

- 

- 

Driving 60 * (left hand drive 
car) 

Lumbar Spine ROM 



36° left 43° right 


Putting on a sock in 
sitting 61 * 

48° 

— 

3° 

4° 


*Mean values from original source 60,61 rounded to the nearest degree. 
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Figure 9-165 Eating: an activity requiring less than full neck 
flexion ROM. 


extension. 64 For example, nearly full neck extension (i.e., 
a mean of 40°) is required to drink from a narrow cham¬ 
pagne flûte compared to 0° for a saucer-shaped cham¬ 
pagne glass. 64 

Thoracic and Lumbar Spines 

Trunk rotation extends the reach of the hands beyond 
the contralatéral side of the body, permits the individual 
to face different directions without foot movement (Fig. 
9-170), and assists one to roll over while in the recum- 
bent position. Rotation of the trunk is achieved through 



Figure 9-166 Writing at a desk: an activity requiring less than full 
neck flexion ROM. 



Figure 9-167 An activity requiring full neck rotation ROM. 



Figure 9-168 An activity requiring full neck extension ROM. 



Figure 9-169 Drinking: an activity requiring neck extension. 
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Figure 9-170 Trunk rotation. 


the movement components of the thoracic and lumbar 
spine and is coupled with slight latéral flexion. 35 ' 55,56 
Rotation is a movement that is most free in the upper 
spinal segments and progressively diminishes in the 
lower segments. 35 

The major contribution of the mobility in the lumbar 
spine to daily functioning is through flexion and exten¬ 
sion movements. When combined with the thoracic and 



Figure 9-172 Tying a shoelace with the foot fiat 
on the floor requires thoracic and lumbar flexion 
and neck extension. 


cervical segments, the individual can reach the more dis¬ 
tal parts of the lower extremities and objects in the envi¬ 
ronment (Figs. 9-168, 9-171, 9-172 and 9-173). The final 
degrees of functional range are achieved through the 
interaction of the pelvis and hip. 7,14 

When forward flexing to touch the toes (see Figs. 
9-138 and 9-139) a coordinated pattern of movement 
occurs between the lumbar spine and pelvis, called 



Figure 9-171 Donning a pair of trousers requires 
flexion of the thoracic and lumbar spines. 



Figure 9-173 Lumbar flexion. 
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Figure 9-174 Squatting to pick up an object from 
the floor requires almost full lumbar flexion (i.e., 
about 95% of full flexion). 68 


"lumbar-pelvic rhythm/' 65 providing smooth movement 
and a large excursion of movement for the lower extrem- 
ity and trunk. The lumbar spine and hip (i.e., as the pelvis 
moves on the fémur) contribute an average of about 40° 
lumbar spine flexion and 70° hip flexion, respectively, to 



Figure 9-175 Moving from standing to sitting and 
returning to standing requires about 56% to 66% 
of full lumbar flexion ROM. 68 



Figure 9-176 Reaching objects overhead requires 
trunk latéral flexion. 


complété this forward bending motion. 66 Lumbar and 
pelvic motions are nearly simultaneous with varying 
degrees of contribution from the lumbar spine and pelvis 
throughout range. 66 ' 67 Changing the speed of motion, lift¬ 
ing various size loads, and past history of low back pain 
may influence the lumbar-pelvic rhythm. 66 ' 67 

Normal ROM for lumbar spine flexion is about 60°. 68 
Sitting to put on a sock (Fig. 9-173) and squatting to pick 
up an object from the floor (Fig. 9-174) are examples of 
activities that require almost full lumbar spine flexion (i.e., 
about 90% and 95% of full flexion, respectively). 68 Moving 
from standing to sitting and returning to standing position 
requires about 56% to 66% of full lumbar flexion ROM 68 
(Fig. 9-175). The joints in the lumbar spine and L5/S1 
approach full flexion in the slouched sitting position. 69 

Activities that require latéral flexion of the spine 
include reaching down to pick up an object from a low 
surface at one's side, moving from a side-lying position to 
sitting on the edge of a bed, and reaching objects over¬ 
head (Fig. 9-176). To mount a bicycle, one leg is lifted 
over the seat of the bicycle and the trunk is laterally 
flexed to the same side. 


Muscle Function 

Head and Neck 

The muscles of the head and neck maintain the posture of 
the head, position the head to accommodate vision and 
feeding, and assist with breathing and coughing. Group 
muscle actions and some individual muscle actions of the 
head and neck are described relative to function. 
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Head and Neck Flexors. The longus colli, longus capitis, 
sternocleidomastoid, and scalenus anterior, médius, and 
posterior contracting bilaterally flex the head and neck. 
The sternocleidomastoids contracting bilaterally flex the 
cervical spine relative to the thoracic spine and flex the 
head when the prevertebral muscles contract to flatten 
the cervical spine and keep it rigid. 1 The scaleni muscles 
contracting bilaterally also flex the cervical spine on the 
thoracic spine when the prevertebral muscles hold the 
cervical spine rigid. 1 Chewing, swallowing, and speaking 
are the main functions of the infrahyoid and suprahyoid 
muscles as these muscles act on the hyoid bone, mandi- 
ble, and thyroid cartilage. 55 These muscles also flex the 
cervical spine when the masseter and temporalis muscles 
contract to keep the mandible closed. 1 The rectus capitis 
anterior and lateralis muscles contracting bilaterally, flex 
the head on the cervical spine. 1 

The head and neck flexors contract when flexion 
occurs against a résistance, such as the weight of the head. 
The flexors flex the head and neck and hold the head in 
this flexed position when the head is lifted off the sup- 
porting surface in the supine position, as illustrated in 
getting out of bed (Fig. 9-177). The flexors control neck 
extension when the head is lowered back onto the sup- 
porting surface when lying down supine. In upright pos¬ 
tures, the head and neck flexors contract when flexion is 
full and forced such as, when one looks down to manipu- 
late buttons at the top of a shirt and when doing up the 
clasp of a necklace at the back of the neck. 

When eating, bilateral contraction of the sternocleido¬ 
mastoid pulls the head forward and assists the longus 
colli to flex the cervical spine. 2 Electromyographic study 
has demonstrated sufficient bilateral activity in the lon¬ 
gus colli and sternocleidomastoid muscles on anterior 
protrusion of the head to maintain the head in this posi¬ 
tion 70 (Fig. 9-178). 

Head and Neck Extensors. The extensor muscles of the 
head and neck include the semispinalis capitis and cervi- 
cis, splenius capitis and cervicis, rectus capitis posterior 
major and minor, obliquus capitis inferior and superior, 
and the erector spinae (i.e., iliocostalis cervicis, longissimus 



Figure 9-177 Neck flexor and abdominal muscle function. 



Figure 9-178 Sternocleidomastoid and longus colli function to 
anteriorly protrude the head. 


capitis and cervicis, and spinalis capitis and cervicis mus¬ 
cles). The levator scapulae, sternocleidomastoid, and upper 
fibers of trapezius also act to extend the head and neck. 
The sternocleidomastoid contracting bilaterally acts as an 
extensor of the head and flexes the cervical spine on the 
thoracic spine when the cervical spine is flexible and not 
flattened and held rigid by the prevertebral muscles. 1 
Unilatéral contraction of sternocleidomastoid produces 
neck extension with latéral flexion to the same side and 
rotation to the opposite side. 1 The obliquus capitis inferior 
and superior and rectus capitis posterior major and minor, 
contracting bilaterally, extend the head and upper cervical 
spine. 1 Bilateral contraction of the head and neck extensor 
muscles produces neck extension eliminating the actions 
of latéral flexion and rotation that occur when these 
muscles contract unilaterally. 

The head and neck extensors contract when extension 
is forced at the end of the ROM or occurs against a résis¬ 
tance. Activities carried out overhead require contraction 
of the extensors at the end of the ROM, such as, when 
reaching for a book on a high shelf (Fig. 9-179). Other 
activities that require contraction at the end of the ROM 
include drinking from a glass (Fig. 9-180) and looking 
down the bowling lane as the bowling bail is released 
from the hand. The neck extensors contract and work 
against résistance to lift the head off the supporting sur¬ 
face when lying prone and control neck flexion when the 
head is lowered to the surface again. The extensors con¬ 
tract in activities where the head is inclined forward, such 
as writing (Fig. 9-166) and reading. 55 Activity in the neck 
extensors ceases when the neck becomes fully flexed and 
the tension in the ligamentum nuchae maintains the 
position of the head. 55 

Head and Neck Latéral Flexors. Unilatéral contraction of 
the head and neck extensors, and many of the head and 
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Figure 9-179 Neck extensor muscle function. 


neck flexors, laterally flex the head and neck to the same 
side. Functionally, these muscles contract to laterally flex 
the cervical spine and position and control the tilt of the 
head so that one can correctly see objects that are not in 
level. The latéral flexors can contract to position the head 
and assist in realigning the body in the upright posture 
from either a recumbent or inverted posture. The latéral 
flexors contract to hold the head in position when one 
moves from a side-lying position to a sitting position to 
get out of bed. 

Head and Neck Rotators. The rectus capitis major and 
minor, obliquus capitis superior and inferior, sterno- 
cleidomastoid, scalenus anterior, médius and posterior, 
upper fibers of trapezius, semispinalis cervicis, splenius 
capitis and cervicis, multifidus, rotatores, and the erector 
spinae (i.e., iliocostalis cervicis and longissimus capitis 
and cervicis) muscles rotate the head and neck when 
contraction occurs unilaterally. The main function of the 
rotators is to rotate the head and neck to look from side 
to side as one would do to shoulder check when driving 
(Fig. 9-167) or track the bail during a tennis match. In 
rolling from supine to side-lying or prone-lying positions, 
the movement of the trunk may be initiated by rotating 
the head and neck in the direction of the move. The rota¬ 
tors contract when indicating a négative response to a 
question. When performing activities, such as combing 
the hair that require placement of the hand at the back of 
the head, the cervical spine and head may be rotated. 

Breathing. 55 Some of the muscles of the neck assist with 
breathing. Scalenus anterior, médius, and posterior are 
primary muscles of inspiration and elevate the first and 
second ribs when the cervical spine is fixed. 



Figure 9-180 Neck extensors contract at full neck extension, 
when drinking from a glass. 


Sternocleidomastoid, suprahyoid, and infrahyoid mus¬ 
cles act as accessory muscles of inspiration, being recruited 
on forceful breathing, for example, when exercising. 
Coughing requires contraction from the primary, acces¬ 
sory, and stabilizing muscles of respiration. 

Posture. The position of the line of gravity anterior to the 
atlanto-occipital joint of the neck produces a flexion 
moment that tends to cause the head to fall forward. 
Forward flexion of the head in sitting and standing is pre- 
vented by the contraction of the head and neck extensors. 
The weight of the head and the force of contraction of the 
neck extensors increase cervical lordosis. 71 The contraction 
of longus colli stabilizes and counteracts the forces tending 
to increase lordosis, thus maintaining the cervical lordosis. 71 

Trunk 

The trunk muscles stabilize the thorax, pelvis, and spine 
for movements of the head and extremities, maintain 
posture, and assist with breathing, coughing, and strain- 
ing. The abdominals also support and protect the abdom¬ 
inal viscera, contribute to a normal walking pattern, and 
contract to protect the spine in lifting activities. 

Trunk Flexion. The psoas major muscle and the abdominal 
and erector spinae muscle groups are responsible for 
trunk flexion. The abdominal muscles contract when 
trunk flexion is performed against a résistance such as 
body weight. The abdominal muscles are therefore the 
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prime movers when one rises from the supine position to 
get out of bed (see Fig. 9-177). In the supine position, the 
rectus abdominis is the most active abdominal muscle 
when the head is raised, 72 contracting to stabilize the 
thorax. The abdominal muscles contract isometrically 
and function to stabilize the thorax and pelvis when per- 
forming pushing, pulling, or lifting activities. 59 

Flexion of the trunk in standing position occurs as one 
picks up an object from the floor or ties a shoelace. Trunk 
flexion is initiated by contraction of the abdominals and 
the vertébral portion of the psoas major muscle. 56 Once 
the trunk is inclined forward gravity takes over to flex the 
trunk. Flexion of the trunk is then controlled through 
contraction of the erector spinae muscle until a "critical 
position" is reached when the erector spinae muscle 
relaxes and further flexion occurs through hip flexion. 73 
The posterior layer of the thoracolumbar fascia, 74 elastic 
forces generated in the extensor musculature as a resuit of 
the passive stretch on the muscles, 75 and the posterior 
intervertébral ligaments support the trunk in the fully 
flexed position when the erector spinae is relaxed. Wolf 
and coworkers 76 identify the critical position to be at 
greater than 70° of trunk flexion, most often between 80° 
and 90°. If further trunk flexion is required at the end of 
the movement, the abdominal muscles must contract to 
force the movement. 77 

Trunk Extension. The erector spinae muscle contracts to 
initiate trunk extension in the standing position and 
once started, gravity pulls the trunk into further exten¬ 
sion and the movement is controlled by the contraction 
of the abdominal muscles. 56 The erector spinae contracts 
again, if required, to force extension at the end of the 
ROM. 56 When trunk extension is performed against résis¬ 
tance, the erector spinae muscle contracts to perform the 
entire movement. This occurs when the trunk is extended 
from a forward lean position in sitting, and in the prone 
position when the trunk is extended to reach for a light 
switch located at the head of the bed. 

When lifting objects off the floor from a forward 
flexed position, the pattern of muscle activity is the 
reverse of that required to flex forward in standing. There 
is no contraction of the erector spinae muscles at the 
beginning of the lift, the thoracolumbar fascia, elastic 
forces generated in the extensor musculature, and the 
posterior intervertébral ligaments take the load and the 
movement to extend occurs initially at the hip joints, as 
the pelvis rotâtes posteriorly. As the movement continues 
the erector spinae muscle contracts close to the critical 
position and the contraction continues until the erect 
position is reached. 73 Great forces are placed on the trunk 
when lifting in the forward flexed position; therefore, 
this position should be discouraged and the lift performed 
with the back straight and the knees flexed 78 with the 
object being lifted positioned as close to the body as pos¬ 
sible. When heavy weights are lifted and large forces are 
placed on the spine, the abdominal (primarily the trans- 
versus abdominus 79 ), diaphragm, and intercostal muscles 
contract to increase the intra-abdominal and intratho- 
racic pressures so that the thorax and abdomen become 
semirigid cylinders. 80 This results in some of the force 


from the weight being transmitted through the arms to 
the thorax and abdomen and then to the pelvis, taking 
some of the load off the spine. 80 This also results in addi- 
tional trunk stabilization and an extensor moment is 
applied to the lumbar spine 79 through activation of the 
transversus abdominus and subséquent increased tension 
in the thoracolumbar fascia. 

Trunk Latéral Flexion. The erector spinae, intertransversa- 
rii, and postérolatéral fibers of the external abdominal 
oblique, quadratus lumborum, and iliopsoas muscles 
contribute to latéral flexion of the trunk. Latéral flexion 
is not used often in activities unless to pick an object up 
from a low table at one's side or when moving from a 
side-lying position to sitting on the edge of a bed or sit¬ 
ting to a side-lying position. The latéral flexors contract 
on the ipsilateral side to initiate movement and contract 
on the contralatéral side to modify the movement in the 
upright position. 56 

Trunk Rotation. The trunk rotator muscles include the 
erector spinae, multifidus, rotatores, and internai and 
external abdominal oblique muscles. The internai and 
external abdominal obliques are the prime rotators of the 
trunk. 81 The extensor muscles function to counteract the 
flexion torque created by the oblique abdominal muscles 
during trunk rotation. 81 The muscles contract to rotate 
the trunk to change position while recumbent and when 
one turns to look in a posterior direction, or reaches with 
the hand(s) in directions latéral or posterior to the trunk. 

Posture. Electromyographic studies report slight activity 
in the erector spinae muscle 73 and slight contraction in 
the internai abdominal oblique muscle 72 in standing. The 
erector spinae contracts during unsupported upright sit¬ 
ting but is relaxed when sitting in the "slumped" position 
with the spine in full flexion. 73 

Breathing. The erector spinae is active during inspiration 
when ventilatory demand is increased. 82 With an 
increased inspiratory effort, forces are transmitted to the 
spine through the costovertebral and costotransverse 
articulations encouraging flexion of the spine. Spinal 
flexion will cause a deflationary effect on the rib cage. 
This deflationary effect is counteracted by the erector 
spinae contracting to stiffen and extend the vertébral 
column. 

The abdominal muscles are inactive during expiration 
at rest. When ventilatory demands increase, the abdomi¬ 
nal muscles (rectus abdominus, external abdominal 
oblique, internai abdominal oblique, and transversus 
abdominus) contract to pull the rib cage down and 
increase the intra-abdominal pressure, thus pushing the 
abdominal contents and diaphragm upward into the tho- 
racic cavity, decreasing the lung volume to expel air. 83 

Gait . 7 As the pelvis rotâtes forward on the side of the 
advancing leg, the trunk rotâtes forward on the opposite 
side to keep the body facing forward during the gait 
cycle. The erector spinae muscles contract on the contra¬ 
latéral side to the supporting leg to prevent the trunk 
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falling forward due to the hip flexion moment created on 
the stance leg. The erector spinae muscles contract at 
initial contact and preswing. The abdominal muscles do 
not normally contract when walking on the level. 84 
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Range of Motion Assessment 
and Measurement 


Patient's Name _ 

Diagnosis _ 

Therapist Name _ 

Signature _ 

Recording: 

1. The Neutral Zéro Method defined by the American 
Academy of Orthopaedic Surgeons 1 is used for mea¬ 
surement and recording. 

2. Average ranges defined by the American Academy of 
Orthopaedic Surgeons, 1 are provided in parenthèses. 


Date of Birth/Age_ 

Date of Onset_ 

AROM □ PROM □ 


3. The columns designated with asterisks (*) are used for 
indicating limitation of range of motion and referenc- 
ing for summarization. 

4. Space is left at the end of each section to record hyper- 
mobile ranges and comments regarding positioning of 
the patient or body part, measuring instrument, 
edema, pain, and/or end feel. 


Left Side Right Side 


* 


* 

Therapist Initiais 

* 


* 






Date of Measurement 









Head, Neck, and Trunk 









Mandible: Dépréssion 









Protrusion 









Latéral déviation 









Neck: Flexion (0-45°) 









Extension (0-45°) 









Latéral flexion (0-45°) 









Rotation (0-60°) 









Trunk: Flexion (0-80°, 10 cm) 









Extension (0-20-30°) 









Latéral flexion (0-35°) 









Rotation (0-45°) 









Hypermobility: 

Comments: 
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Patient’s Name 


Left Side Right Side 


* 


* 

Therapist Initiais 

* 


* 






Date of Measurement 









Scapula 









Elévation 









Dépréssion 









Abduction 









Adduction 









Shoulder Complex 









Elévation through Flexion (0-180°) 









Elévation through Abduction (0-180°) 









Shoulder (Glenohumeral) Joint 









Flexion (0-120 0 ) 2 









Abduction (0-90° to 120°) 2 









Extension (0-60°) 









Horizontal abduction (0-45°) 









Horizontal adduction (0-135°) 









Internai rotation (0-70°) 









External rotation (0-90°) 









Hypermobility: 

Comments: 









Elbow and Forearm 









Flexion (0-150°) 









Supination (0-80°) 









Pronation (0-80°) 









Hypermobility: 

Comments: 
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Patient’s Name 


Left Side Right Side 


* 


* 

Therapist Initiais 

* 


* 






Date of Measurement 









Wrist 









Flexion (0-80°) 









Extension (0-70°) 









Ulnar déviation (0-30°) 









Radial déviation (0-20°) 









Hypermobility: 

Comments: 









Thumb 









CM flexion (0-15°) 









CM extension (0-20°) 









Abduction (0-70°) 









MCP flexion (0-50°) 









IP flexion (0-80°) 









Opposition 









Hypermobility: 

Comments: 









Fingers 









MCP digit 2 flexion (0-90°) 









extension (0-45°) 









abduction 









adduction 









MCP digit 3 flexion (0-90°) 









extension (0-45°) 









abduction (radial) 









adduction (ulnar) 









MCP digit 4 flexion (0-90°) 









extension (0-45°) 









abduction 









adduction 
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Patient’s Name 


Left Side Right Side 


* 


* 

Therapist Initiais 

* 


* 






Date of Measurement 









MCP digit 5 flexion (0-90°) 









extension (0-45°) 









abduction 









adduction 









PIP digit 2 flexion (0-100°) 









3 flexion (0-100°) 









4 flexion (0-100°) 









5 flexion (0-100°) 









DIP digit 2 flexion (0-90°) 









3 flexion (0-90°) 









4 flexion (0-90°) 









5 flexion (0-90°) 









Composite finger abduction/thumb extension — 

Distance between: 









Thumb-digit 2 









Digit 2—digit 3 









Digit 3—digit 4 









Digit 4—digit 5 









Composite flexion —Distance between: 









Finger pulp-distal palmar crease 









Finger pulp-proximal palmar crease 









Hypermobility: 

Comments: 
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Patient’s Name 


Left Side Right Side 


* 


* 

Therapist Initiais 

* 


* 






Date of Measurement 









Hip 









Flexion (0-120°) 









Extension (0-30°) 









Abduction (0-45°) 









Adduction (0-30°) 









Internai rotation (0-45°) 









External rotation (0-45°) 









Hypermobility: 

Comments: 









Knee 









Flexion (0-135°) 









Tibial rotation 









Patellar mobility—Distal glide 









Patellar mobility—Médial-latéral glide 









Hypermobility: 

Comments: 









Ankle 









Dorsiflexion (0-20°) 









Plantarflexion (0-50°) 









Inversion (0-35°) 









Eversion (0-15°) 









Hypermobility: 

Comments: 
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Patient’s Name 


Left Side Right Side 


* 


* 

Therapist Initiais 

* 


* 






Date of Measurement 









Toes 









MTP great toe flexion (0-45°) 









extension (0-70°) 









abduction 









MTP digit 2 flexion (0-40°) 









extension (0-40°) 









MTP digit 3 flexion (0-40°) 









extension (0-40°) 









MTP digit 4 flexion (0-40°) 









extension (0-40°) 









MTP digit 5 flexion (0-40°) 









extension (0-40°) 









IP great toe flexion (0-90°) 









PIP digit 2 flexion (0-35°) 









PIP digit 3 flexion (0-35°) 









PIP digit 4 flexion (0-35°) 









PIP digit 5 flexion (0-35°) 









Hypermobility: 

Comments: 





Summary of Limitation: 

Additional Comments: 


American Academy of Orthopaedic Surgeons: Joint Motion: Method of Measuring and Recording. Chicago: AAOS; 1965. 
2 Levangie PK, Norkin CC. Joint Structure and Function: A Comprehensive Analysis. 3rd ed. Philadelphia: FA Davis; 2001. 
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Manual Muscle Strength Assessment 


Patient's Name_Date of Birth/Age_ID 

Diagnosis_Date of Onset_ 

Therapist Name_ 

Signature_ 

Manual Muscle Testing (MMT) Method Used 

Date of Assessment:_MMT method used:_ 

Date of Assessment:_MMT method used:_ 

Date of Assessment:_ MMT method used:_ 

Date ot Assessment:_ MMT method used:_ 


Key: MMT Method Used. 

C Conventional "through range" grading 
I "Isométrie" grading: b break test or m make test 
(eg: lb indicates "Isométrie" break test) 


Left Side 




Right Side 




Therapist Initiais 







Date of Assessment 







Motion 

Muscle 

Nerve supply 







Eye 







Eyelid élévation 

Levator palpebrae superioris 

CN III 







Eyelid closure 

Obicularis oculi 

CN VII 







Eyeball élévation 

Rectus superior 

Obliquus inferior 

CN III 

CN III 







Eyeball dépréssion 

Rectus inferior 

Obliquus superior 

CN III 

CN IV 







Eyeball abduction 

Rectus lateralis 

CN VI 







Eyeball adduction 

Rectus medialis 

CN III 







Eyebrows 







Elévation 

Epicranius 

CN VII 







Adduction 

Corrugator supercilli 

CN VII 







Dépréssion 

Procerus 

CN VII 







Mandible 







Elévation 

Temporal is/masseter/medial 
pterygoid 

CN V 







Dépréssion 

Latéral pterygoid/suprahyoid 

CN V 







Protrusion 

Pterygoids 

CN V 




Remarks: 
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Patient’s Name/ID 


Left Side 




Right Side 




Therapist Initiais 







Date of Assessment 







Motion 

Muscle 

Nerve supply 







Nasal Aperture 







Dilation 

Nasalis/depressor septi 

CN VII 







Constriction 

Nasalis 

CN VII 







Lips/Mouth 







Lip closure 

Obicularis oris 

CN VII 







Cheek compression 

Buccinator 

CN VII 







Elévation of angle 

Levator anguli oris 

CN VII 







Retraction of angle 

Zygomaticus major/risorius 

CN VII 







Dépréssion of angle 

Platysma/depressor anguli oris/ 
depressor labii inferioris 

CN VII 







Upper lip élévation 

Levator labii superioris/zygomaticus 
minor 

CN VII 







Lower lip élévation 

Mentalis 

CN VII 







Tongue 







Protrusion 

Genioglossus 

CN XII 







Neck 







Hyoid bone dépréssion 

Infrahyoid group 

Cervical 







Flexion 

Flexor group 

Cervical 








Sternomastoid 

Cervical 







Extension 

Extensor group 

Cervical 







Scapula 







Abduction 

Latéral rotation 

Serratus anterior 

Long 

Thoracic 







Elévation 

Upper trapezius 

Levator scapulae 

Accessory, CN XI 

Dorsal 

Scapular 







Adduction 

Middle trapezius 

Accessory, CN XI 







Adduction 

Médial rotation 

Rhomboids 

Dorsal 

Scapular 







Dépréssion 

Lower trapezius 

Accessory, CN XI 




Remarks: 
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Patient’s Name/ID 


Left Side 




Right Side 




Therapist Initiais 







Date of Assessment 







Motion 

Muscle 

Nerve supply 







Shoulder 







Flexion 

Anterior deltoid 

Axillary 







Flexion-Adduction 

Coracobrachialis 

Musculocutaneous 







Extension 

Latissimus dorsi 

Teres major 

Thoracodorsal 

Subscapular 







Abduction 

Middle deltoid 

Supraspinatus 

Axillary 

Suprascapular 







Adduction 

Pectoralis major 

Teres major 

Latissimus dorsi 

Pectoral 

Subscapular 

Thoracodorsal 







Horizontal adduction 

Pectoralis major 

Pectoral 







Horizontal abduction 

Posterior deltoid 

Axillary 







Internai rotation 

Subscapularis 

Subscapular 







External rotation 

Infraspinatus 

Teres minor 

Suprascapular 

Axillary 







Elbow/Forearm 







Flexion 

Biceps 

Musculocutaneous 








Brachioradialis 

Brachialis 

Radial 

Musculocutaneous/radial 







Extension 

Triceps 

Radial 







Supination 

Supinator 

Radial 







Pronation 

Pronator teres 

Pronator quadratus 

Médian 







Wrist 







Flexion 

Flexor carpi radialis 

Médian 








Flexor carpi ulnaris 

Ulnar 







Extension 

Extensor carpi radialis longus 
Extensor carpi radialis brevis 

Radial 

Radial 








Extensor carpi ulnaris 

Radial 




Remarks: 
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Patient’s Name/ID 


Left Side 




Right Side 




Therapist Initiais 







Date of Assessment 







Motion 

Muscle 

Nerve supply 







Fingers 







MCP extension 

Extensor digitorum 

Radial 








Extensor indicis proprius 

Radial 








Extensor digiti minimi 

Radial 







MCP abduction 

Dorsal interossei 

Ulnar 








Abductor digiti minimi 

Ulnar 







MCP adduction 

Palmar interossei 

Ulnar 







MCP flexion-IP extension 

Lumbricales 1 and 2 

Médian 








Lumbricales 3 and 4 

Ulnar 







5th MCP flexion 

Flexor digiti minimi 

Ulnar 







PIP flexion digit 2 

Flexor digitorum superficialis 

Médian 







digit 3 







digit 4 







DIP flexion digit 2 

Flexor digitorum profundus 

Médian 







digit 3 


Médian 







digit 4 


Ulnar 







digit 5 


Ulnar 







Thumb 







IP flexion 

Flexor pollicis longus 

Médian 







MCP flexion 

Flexor pollicis brevis 

Ulnar 







IP extension 

Extensor pollicis longus 

Radial 







MCP extension 

Extensor pollicis brevis 

Radial 







Radial abduction 

Abductor pollicis longus 

Radial 







Palmar abduction 

Abductor pollicis brevis 

Médian 







Adduction 

Adductor pollicis 

Ulnar 







Opposition 

Opponens pollicis 

Médian 








Opponens digiti minimi 

Ulnar 







Trunk 







Flexion 

Rectus abdominis 

Thoracic 







Rotation 

External oblique 

Thoracic 








Internai oblique 

Thoracic 







Extension 

Extensor group 

Thoracic 







Pelvic élévation 

Quadratus lumborum 

Lumbar 




Remarks: 
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Patient’s Name/ID 


Left Side 




Right Side 




Therapist Initiais 







Date of Assessment 







Motion 

Muscle 

Nerve supply 







Hip 







Flexion 

Psoas major 

Lumbar 








lliacus 

Fémoral 








Sartorius 

Fémoral 







Extension 

Gluteus maximus 

Gluteal 








Biceps femoris 

Sciatic 








Semitendinosus 

Sciatic 








Semimembranosus 

Sciatic 







Abduction 

Gluteus médius 

Gluteal 








Gluteus minimus 

Gluteal 








Tensor fascia latae 

Gluteal 







Adduction 

Adductor group 

Obturator 







Internai rotation 

Gluteus médius 

Gluteal 








Gluteus minimus 

Gluteal 








Tensor fascia latae 

Gluteal 







External rotation 

External rotator group 

Sacral/lumbar 







Knee 







Flexion 

Biceps femoris 

Sciatic 








Semitendinosus 

Sciatic 








Semimembranosus 

Sciatic 







Extension 

Quadriceps 

Fémoral 







Ankle 







Dorsiflexion 

Tibialis anterior 

Peroneal 







Plantarflexion 

Gastrocnemius 

Tibial 








Soleus 

Tibial 







Inversion 

Tibialis posterior 

Tibial 







Eversion 

Peroneus longus 

Peroneal 








Peroneus brevis 

Peroneal 







Toes 







MTP flexion 

Flexor hallucis brevis 

Tibial 








Lumbricales 

Tibial 







IP flexion 

Flexor hallucis longus 

Tibial 








Flexor digitorum longus 

Flexor digitorum brevis 

Tibial 







MTP abduction 

Abductor hallucis 

Tibial 








Abductor digiti minimi 

Tibial 








Dorsal interossei 

Tibial 







Extension 

Extensor hallucis longus 

Peroneal 







Extensor digitorum brevis 

Extensor digitorum longus 




Remarks: 












































Appendix C 


Summary of Patient Positioning for 
the Assessment and Measurement of 
Joint Motion, Muscle Length, and 
Muscle Strength 


This summary chart is a resource the therapist may use to 
facilitate an organized and efficient assessment of joint 
range of motion (ROM), muscle length, and muscle 
strength to avoid unnecessary patient position changes 
and fatigue. 

The assessment and measurement of joint motion, 
that is, joint ROM and muscle length, and the manual 
assessment of muscle strength presented in this book, 
first shows the preferred startposition for these assessment 
techniques based on the position that offers the best 


stabilization. In some instances, alternate start positions 
are documented if commonly used in clinical practice. 
The following chart summarizes the preferred (P) and 
alternate (A) start positions used by the therapist when 
assessing and measuring joint motion and manually 
testing muscle strength. For assessment of muscle 
strength greater than grade 2, the patient is positioned 
against gravity (AG) for the test motion, and for strength 
less than or equal to grade 2, the patient is in a gravity 
eliminated (GE) position, unless stated otherwise. 
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Standing 





























Sidely 







P(GE) 

LU 

CD 

CL 

P(GE) 









A(GE) 










LU 

CD 

CL 

Prone 



P(GE) 

P (AG) 

P/A(AG) 

P(GE)/P(AG) 



P(AG) 



P(AG) 

P (AG) 

P(AG) 




A(AG) 











Supine 


P (AG) 






P (AG) 


P(GE) 

P (AG) 





P (AG) 

P(AG) 

P(AG) 

LU 

CD 

CL 

P(GE) 








A(AG) 

Sitting 


P(GE)/A(AG) 

P(AG) 

LU 

CD 

CL 

(30)d 


P(AG) 



P(AG) 

LU 

CD 

CL 

LU 

CD 

CL 

P(GE)/A(GE) 

LU 

CD 

CL 


LU 

CD 

CL 

(30)d 

(30)d 

P (AG) 

P(AG) 


CL 






P(AG) 

Muscle Strength 

Shoulder Complex 

Serratus anterior 

Upper trapezius, 
levator scapulae 

Middle trapezius 

Rhomboids 

Lower trapezius 

Anterior deltoid 

Coracobrachialis 

Latissimus dorsi, 
teres major 

Middle deltoid, 
supraspinatus 

Pectoralis major 

Posterior deltoid 

Subscapularis 

Infraspinatus, teres minor 

Elbow and Forearm 

Biceps 

Brachioradialis/brachialis 

Triceps 

Supinator 

Pronator teres, pronator 
quadratus 

Wrist and Hand 

Ail muscles 





Hip 

lliopsoas 

Standing 





























Sidely 


CL 



























Prone 





CL 





CL 



















Supine 



CL 

CL 


CL 

CL 

CL 



CL 

CL 

CL 



CL 


CL 

< 





CL 




CL 

Sitting 


CL 

< 


< 

< 


< 

CL 

< 

< 





< 

CL 


CL 



CL 

CL 

< 

CL 

CL 



Joint Motion 

Shoulder Complex 

Scapular movements 

Elévation through flexion 

Glenohumeral joint flexion 

Extension 

Elévation through 
abduction 

Glenohumeral joint 
abduction 

Adduction 

Horizontal adduction/ 
abduction 

Internai rotation 

External rotation 

Pectoralis major length 

Pectoralis minor length 


Elbow and Forearm 

Flexion/extension 

Supination/pronation 

Biceps brachii length 

Triceps length 


Wrist and Hand 

Ail wrist movements 

Ail finger and thumb 
movements 

Long finger flexors length 

Long finger extensors 
length 

Lumbricales length 

Hip 

Flexion 
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Standing 


P (AG) 















P(AG)WB 

P(AG)WB 









Sidely 


P(GE) 

P(AG) 

P(AG) 

P(AG) 




LU 

CD 

CL 

LU 

CD 

CL 






LU 

CD 

CL 

LU 

CD 

CL 

P(GE) 

P(AG) 

P(AG) 







Prone 


A(AG) 







P(AG) 








P(AG) NWB 

P(AG) NWB 








CL 

Supine 


A(AG) 

P(GE) 

LU 

(D 

CL 

LU 

(D 

CL 

LU 

CD 

CL 

LU 

CD 

CL 












P(GE) 

P(GE) 

CL 



CL 

P(AG) 


Sitting 

P/A(AG) 

P(AssistedAG)* 





P(AG) 

P(AG) 



P(AG) 






P (AG) 









P(GE) 


Muscle Strength 

Sartorius 

Gluteus maximus, 
hamstrings 

Gluteus médius, gluteus 
minimus 

Tensor fascia latae 

Adductors 

Internai rotators 

External rotators 

Knee 

Hamstrings 

Quadriceps 





Ankle and Foot 

Tibialis anterior 

Gastrocnemius 

Soleus 

Tibialis posterior 

Peroneus longus, peroneus 

brevis 

Ail foot muscles 


Trunk 

Rectus abdominis 

External oblique, internai 

oblique 

Extensor muscle group 

Standing 
















< 





CL 

CL 


CL 

< 


Sidely 






CL 





















Prone 

CL 


< 



< 






CL 







< 






CL 


Supine 


CL 

< 

CL 

CL 


CL 


CL 

CL 


< 

CL 



CL 

CL 


CL 

CL 

< 






Sitting 



CL 








CL 


< 



< 

< 

CL 








CL 

Joint Motion 

Extension 

Abduction/adduction 

Internal/external rotation 

Hip flexors length 

Hamstrings length (SLR) 

Tensor fascia latae length 

Adductors length 

Knee 

Flexion/extension 

Patellar glides 

Tibial rotation 

Rectus femoris length 

Hamstrings length 


Ankle and Foot 

Dorsiflexion 

Plantarflexion 

Supination/pronation: 

Inversion/eversion 

components 

Subtalar joint inversion/ 
eversion 

AN toes movements 

Gastrocnemius length 

Soleus length 

Spine 

Flexion 

Extension 

Rotation 









































510 


SECTION III Appendices 


Standing 












Sidely 












Prone 

LU 

CD 

"O 

0 

0 

'0 rrr 

0 LU 
OC CD 
CL CL 






CL 





Supine 





CL 

CL 






Sitting 




CL 







CL 

Muscle Strength 

Quadratus lumborum 


Neck 

Infrahyoid muscle group 

Flexor group 

Sternomastoid 

Extensor group 



Mandible and Face 

AN muscles of mandible and 
face 

Standing 

CL 

CL 










Sidely 












Prone 












Supine 












Sitting 




CL 







CL 

Joint Motion 

Latéral flexion 

Trunk extensors, 

hamstrings (toe-touch 
test) 

Neck 

AN neck movements 






TMJ 

AN TMJ movements 


-Q 

E 

E 

0 

0 


0 

0 


_C 

O 
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Appendix D 


Gait 


The gait cycle consists of a sériés of motions that occur 
between consecutive initial contacts of one leg. 1 The gait 
cycle is divided into two phases: the stance phase, when 
the foot is in contact with the ground and the body 
advances over the weight-bearing limb, and the swing 
phase, when the limb is unweighted and advanced for- 
ward in préparation for the next stance phase. Each phase 
is further subdivided into a total of eight instants 1 or 
freeze frames. Five instants occur in the stance phase and 
three occur in the swing phase of the gait cycle. The 


description of the normal gait pattern is provided so that 
the implications of the fmdings on assessment of joint 
range of motion and manual muscle strength can be 
understood in relation to gait. The average positions and 
the motions of the joints during the gait cycle that are 
reported in this appendix were adapted from the Rancho 
Los Amigos gait analysis forms as cited in Levangie and 
Norkin. 2 The right leg is used to illustrate the joint 
positions and motions of the lower limb throughout the 
gait cycle. 
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Stance Phase 

The lower limb is advanced in front of the body during 
the swing phase and the stance phase begins at initial 
contact (Fig. D-l) when the heel makes the first con¬ 
tact between the foot and the ground. At initial con¬ 
tact the pelvis is rotated forward and the trunk is 
rotated backward on the stance side. The rotation of 
the pelvis counteracts the trunk rotation to prevent 
excessive trunk motion. On the opposite side the 
upper extremity is flexed at the shoulder. As the body 
advances over the supporting limb through the stance 
phase, the pelvis rotâtes backward and the trunk 
rotâtes forward on the swing side. As the weight-bear- 
ing leg extends at the hip, the upper limb on the oppo¬ 
site side extends. The average joint positions and the 
motions of the right lower limb in the sagittal plane 
are described and illustrated. 


Motion from A to B (Figs. D-l and D-2): hip: extension 
(from 30 to 25° flexion); knee: flexion (from 0 to 15° flex¬ 
ion); ankle: plantarflexion (from 0 to 15° plantarflexion); 
MTP joints oftoes: 0°. 

Motion from B to C (Figs. D-2 and D-3): hip: extension 
(from 25 to 0° flexion); knee: extension (from 15 to 5° 
flexion); ankle: dorsiflexion (from 15° plantarflexion to 
5 to 10° dorsiflexion); MTP joints oftoes: remain at 0°. 

Motion from C to D (Figs. D-3 and D-4): hip: extension 
(from 0° flexion to 10 to 20° extension); knee: extension 
(from 5° flexion to 0°); ankle: dorsiflexion (from 5 to 10° 
dorsiflexion to 0° dorsiflexion); MTP joints oftoes: exten¬ 
sion (from 0 to 20° extension). 

Motion from D to E (Figs. D-4 and D-5): hip: flexion 
(from 10 to 20° extension to 0°); knee: flexion (from 0 to 
30° flexion); ankle: plantarflexion (from 0 to 20° plan¬ 
tarflexion); MTP joints oftoes: extension (from 30° exten¬ 
sion to 50 to 60° extension). 



Figure D-1 Initial contact (A). Figure D-2 Loading 

response (B). 


Figure D-3 Midstance (C). Figure D-4 Terminal stance (D). 
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Swing Phase 

The swing phase begins after preswing when the foot 
leaves the ground and is advanced forward in the line of 
progression in préparation for initial contact. The posi¬ 
tions and motions of the right lower limb are described 
and illustrated. 

Motion from E to F (Figs. D-5 and D-6): hip: flexion 
(from 0 to 20° flexion); knee: flexion (from 30° flexion to 
60° flexion); ankle: dorsiflexion (from 20° plantarflexion 
to 10° plantarflexion). 

Motion from T to G (Figs. D-6 and D-7): hip: flexion 
(from 20° flexion to 30° flexion); knee: extension (from 
60° flexion to 30° flexion); ankle: dorsiflexion (from 10° 
plantarflexion to 0°). 


Motion from G to H (Figs. D-7 and D-8): hip: remains 
flexed at 30°; knee: extension (from 30° flexion to 0°); 
ankle: remains at 0°. 

Motion from H to A (Figs. D-8 and D-l): hip: remains 
flexed at 30°; knee: remains extended at 0°; ankle: remains 
at 0°. 
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Figure D-5 Preswing (E). 


Figure D-6 Initial Swing (F). 


Figure D-7 Midswing (G). 


Figure D-8 Terminal swing (H). 
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A 

Abducens nerves, 420 
Abduction 

horizontal, 9 
of scapula, 7 
of wrist, 8 

Abductor digiti minimi, 215t, 225-226, 366t 
Abductor hallucis muscle, 366t 
Abductor pollicis brevis, 216t, 238, 238f 
Abductor pollicis longus, 216t, 237, 23 7f 
Accessory muscles, 324 
Acromioclavicular joint, 64 
Active range of motion (AROM), 4, 12 
ankle and foot supination, eversion 
component, 353 

ankle and foot supination, inversion 
component, 351-352 
ankle dorsiflexion and plantarflexion, 342 
assessment, 12-14 

using active exercise, 59t 
elbow flexion-extension/ 
hyperextension, 145 
glenohumeral joint abduction, 87 
glenohumeral joint flexion, 81 
using relaxed passive movement, 60t 
scapular movements, 75-76 
shoulder élévation through abduction, 
85 

shoulder élévation through flexion, 79 
shoulder extension, 83 
shoulder external rotation, 92 
shoulder horizontal abduction and 
adduction, 88 

shoulder internai rotation, 90, 90f 
supination, 147 
of knee flexion-extension 
PROM measurement, 314 
universal goniometer, 315 
measurement, 14, 23 
subtalar inversion and eversion, 348 
of tibial rotation, 317 
treatment 

using active exercise, 59t 
using relaxed passive movement, 60t 
Activities of daily living (ADL), 66, 67, 302 
and knee flexion ROM, 331 

in Asian and Eastern cultures, 331, 334t 
Adduction 

horizontal, 9 
of scapula, 8 

Adductor brevis, 274, 280t 
Adductor hallucis muscle, 366t 
Adductor longus, 274, 279t 
Adductor magnus, 274, 280t 
Adductor pollicis, 216t, 239, 239f 
Adhesions, 16-17 

ADL. See Activities of daily living (ADL) 

AMA. See American Medical Association (AMA) 
American Medical Association (AMA), 400 
Amigos gait analysis, 333 
Anatomical articulations, 4 
classification, 5t 
Anatomical joint, 4 
Anatomical position, 4, 6f 
latéral view, 7f 
posterior view, 7f 
Ankle and foot 

articulations and movements of, 337-341 
ankle joint, 337 


MTP and IP joints of the toes, 339 
normally limiting motion at the ankle 
and subtalar joints, 339f 
primary movements at the ankle, 
dorsiflexion, and plantarflexion, 

337 

subtalar joint, 337 
in non-weight-bearing (NWB) 
conditions, 338 
surface anatomy, 341-34 lf 
toe movements, 340t 
at the transverse tarsal, intertarsal, 
tarsometatarsal, and intermetatarsal 
joints, 337f, 338 

motion assessment and measurement, 
range of 

ankle dorsiflexion and plantarflexion, 
342-347 

MTP and IP joint flexion/extension of 
lesser four toes, 360 

MTP joint flexion and adduction of the 
great toe, 357-360 

MTP joint flexion and extension of lesser 
toes, 356 

MTP joint flexion and extension of the 
great toe, 355 

subtalar inversion and eversion, 

348-350 

supination/pronation inversion and 
eversion components, 351-353 
muscle actions, attachments, and nerve 
supply, 365t-367t 

Ankle dorsiflexion/ plantarflexion, 317, 388 
motion assessment and measurement, 
342-347 

AROM assessment, 342 
Ankle extension, 7 
Ankle flexion, 6 
Anterior fibers deltoid, 61t 
Anterior pelvic tilt, 9 
Anterior superior iliac spine (ASIS), 323 
Anterior tilt, of scapula, 9 
Antérolatéral neck flexor, 439 
Arches, 389 

AROM. See Active range of motion (AROM) 
Arthrokinematics, 10, 1 lf 
Atella, 313 

B 

Back Range-of-Motion Instrument (BROMII), 
402, 402f 

Ball-and-socket articulation, 5f 
Biceps brachii, 153, 153f, 155t, 157-158, 157f, 
158f, 164-165, 164f, 165f, 173, 173f, 
174-175, 174f 

Biceps femoris, 270, 319, 324f, 325t, 326f, 334 
Bicondylar articulation, 5f, 391 
Brachialis, 155t, 159-160, 159f, 160f, 173, 173f 
Brachioradialis, 155t, 159-160, 159f, 160f, 173f, 
174, 174f 
Break test, 47 

BROMII. See Back Range-of-Motion Instrument 
(BROMII) 

Buccinator, 418t, 429 

c 

Carpometacarpal (CM) joints, 178, 180 
Cervical range-of-motion (CROM), 17, 18f, 402 


Cervical spine, 392 
movements, 394t 
reliability, 414 

tape measure/ruler/calipers, 398, 399f 
validity, 414 
Cheeks 

compression, 429, 429f 
Chest expansion, 458 
Circumduction, 9 
Clavicular head, 125 
Communication, 2 
Concave-convex rule, 10, 1 lf 
Concave tibial condyles, 314 
Concentric contraction, 32 
Condylar joints, 391 
Convex fémoral condyles, 314 
Coracobrachialis, 116-117, 116f, 117f 
Corrugator supercilii, 418t, 426 
Criterion-related validity, 18 
CROM. See Cervical range-of-motion (CROM) 
Cross-legged sitting and knee flexion, 

331, 334t 

D 

Depressor anguli oris, 419t, 431 
Depressor labii inferioris, 419t, 431 
Depressor septi, 418t 
Digastric, 417t, 424 
Dorsal, 214t 

Dorsal Interossei, 225-226, 366t 
Dorsiflexion, 6 

Double inclinometry, 401, 401f 

E 

Eccentric contraction, 32 
Elbow and forearm, 141 
biceps brachii, 153, 153f 
extension, 145-146, 145f, 146f 

triceps, 161-162, 161f, 162f, 163f 
flexion, 145-146, 145f, 146f 

biceps brachii, 157-158, 157f, 158f 
brachialis, 159-160, 159f, 160f 
brachioradialis, 159-160, 159f, 160f 
hyperextension, 145-146, 145f, 146f 
movements, 142t 
pronation, 147-148, 147f 

measuring, 148-152, 149f, 150f 
pronator quadratus, 166-167, 166f, 167f 
pronator teres, 166-167, 166f, 167f 
supination, 147-148, 147f 

biceps brachii, 164-165, 164f, 165f 
measuring, 148-152, 149f, 150f 
supinator, 164-165, 164f, 165f 
surface anatomy, 144f 
triceps, 154 

Elbow extension, 145-146, 145f, 146f 
Elbow flexion, 145-146, 145f, 146f, 173 
biceps brachii, 157-158, 157f, 158f 
brachialis, 159-160, 159f, 160f 
brachioradialis, 159-160, 159f, 160f 
Elbow hyperextension, 145-146, 145f, 146f 
Ellipsoidal articulation, 5f 
Ely's test, 322 
End feel, 15 

abnormal (pathological), 15t 
normal (physiological), 15t 
Epicranius occipitofrontalis, 417t 
Erector spinae, 462t 
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Eversion, 388-389 

Extensor carpi radialis brevis, 213t 

Extensor carpi radialis longus, 213t 

Extensor carpi ulnaris, 213t 

Extensor digiti minimi, 209, 214t 

Extensor digitorum brevis muscle, 367t 

Extensor digitorum communis, 209, 209f, 214t 

Extensor digitorum longus muscle, 367t 

Extensor hallucis longus muscle, 367t 

Extensor indicis proprius, 209 

Extensor indicisproprius, 214t 

Extensor pollicis brevis, 216t, 236, 236f 

Extensor pollicis longus, 216t, 235, 235f 

External abdominal oblique, 462t 

Eyes 

closure of eyelids, 427, 427f 
élévation of, 421, 421f 
eyeball movements, 422 
eyebrows, 426 

adduction of, 426 

médial angle dépréssion, 427, 427f 

F 

Face, muscles, 415, 416t-420t 
Facial nerve, 426 

Femorotibial joint. See Bicondylar articulations 
Fifth finger metacarpophalangeal flexion, 229 
Finger 

IP flexion-extension, 197-198 
MCP abduction-adduction, 195-196 
MCP flexion-extension, 192-194 
metacarpophalangeal extension, 224 
metacarpophalangeal flexion, 228 
movements, 180t 
muscles, 223 

Finger distal interphalangeal flexion, 232 
Finger proximal interphalangeal flexion, 230-231 
First carpometacarpal joint. See Saddle articulation 
Flexion 

of Knee, 6 
of thumb, 6 
of toe, 6 

Flexor carpi ulnaris, 213t, 217-218, 217f 
Flexor carpiradialis, 213t 
Flexor digiti minimi, 207, 215t, 229, 229f 
Flexor digiti minimi brevis muscle, 366t 
Flexor digitorum brevis muscle, 366t 
Flexor digitorum longus muscle, 365t 
Flexor digitorum profundus, 207, 213t, 232, 

232f, 246 

Flexor digitorum superficialis, 207, 208f, 213f, 
230-231, 231f 

Flexor hallucis brevis muscle, 365t 
Flexor hallucis longus muscle, 365t 
Flexor pollicis brevis, 216t, 234, 234f 
Flexor pollicis longus, 216t, 233, 233f 
Foot functions, 386 
Forefoot abduction, 317 
Forearm articulations, 141 
Full knee flexion, 311 
Functional joint, 4, 6f 
Funtional range of motion, 331 

ankle dorsiflexion and plantarflexion, 
386-388 

foot movements, 387-388 
gait, 333-334, 388 

G 

Gait, muscle function of, 333-335, 388-389 
Gait cycle 

stance phase, 501, 502, 502f 
swing phase, 501, 503, 503f 
Gastrocnemius knee flexion torque, 334 
Gastrocnemius muscle, 318, 324, 334, 365t 
Gemellus inferior, 279t 
Gemellus superior, 279t 
Genioglossus, 420t 
Geniohyoid, 417t, 424 
Glenohumeral joint, 65, 65f 
abduction, 87, 87f 
flexion, 81-82, 81f, 82f 
movements, 69t 


abduction 

AROM assessment, 87 
PROM assessment, 87, 87f 
universal goniometer, 87 
Glide, 10 

Gluteus maximus, 280t, 307 

Gluteus médius, 280t, 290, 290f, 291f, 292, 292f 

Gluteus minimus, 280t, 290, 290f, 29lf, 292, 

292f 

Goniometer, 16, 315. See CllsO Universal 
goniometer measurements 
Gracilis, 274, 280t 
Gracilis flexes, 304 
Grading muscle strength, 324, 334 
against gravity, 44-47 
alternate methods, 49-51 
gravity eliminated, 47-49 
isométrie muscle testing, 49 
Greater trochanter, 313 
Grip, 243 

Group Versus individual muscle test, 41-44, 42f 

H 

Hamstrings, assessment and measurement, 
319-320, 324 

alternate position—passive straight leg raise 
(PSFR), 320 

alternate position—sitting, 320 
biceps femoris, 319 
full stretch, 320-320f 
goniometer measurement, 320f 
length, 319f 

passive knee extension (PKE) supine, 319 
semimembranosus, 319 
semitendinosus, 319 
on slack, 320 
on stretch—firm, 320 
in upright sitting position, 320 
Hand 

AROM, 186, 186f 
functional range of motion, 243 
grasping function of, 243, 245-246 
joint function, 243 
latéral view of, 184f 
surface anatomy, 185f 
Hand-held dynamometer (HHD), 38 
Head 

of the fibula, 313 
muscles, 435-438 

temporomandibular joint (TMJ) movements, 
403-405 

Hinge articulation, 5f 
Hip, 253 

abduction, 263, 264f, 290, 293-294 
measure of, 30 

adduction, 265-269, 265f, 296-297 
adductors, 274-275 
clinical test, 295 
extension, 262, 262f, 285-286 
external rotation, 300-301 
flexion, 60t, 260-262, 261f, 278, 281, 
293-294 

flexors, 272-273, 273f 
functional range of motion, 302-304 
hamstrings, 270, 270f, 27lf 
internai rotation, 298-299 
joint function, 302 
lower extremity AROM 

non-weight-bearing, 258-259, 258f 
weight-bearing, 259, 259f 
movements, 254t 
muscle function, 304-307 
supine hip extensor test, 288, 288f, 289f 
surface anatomy, 256f-257f 
Hip external rotation, 317 
Hip joint. See Ball-and-socket articulation 
Hook grasp, 247 

Humeroulnar joint. See Hinge articulation 
Hyperextension, 7 
of knee, 315 
Hypermobility, 9 
Hypoglossal nerve, 433 
Hypomobility, 9 


I 

Iliacus, 272, 279t, 304 
Iliocostalis cervicis, 463t 
Iliocostalis lumborum, 463t 
Iliocostalis thoracis, 463t 
Iliopsoas, 28lf, 282, 282f, 304, 305 
Individual versus group muscle test, 41-44, 42f 
Inferior radioulnar joint, 142 
Infrahyoid muscles, 436t, 434 
Intermetacarpal distance (IMD) method, 205 
Internai abdominal oblique, 462t 
Interphalangeal (IP) joints, 182, 337, 339 
Interspinales, 464t 

Intertarsal joints. See Plane articulation 
Intertransversarii, 464t 
Intrinsic muscles of the foot, 389 
Inversion, 388-389 
Isokinetic contraction, 32 
Isométrie (static) contraction, 32 
Isometric/palpation grading, 96, 96t-98t 
Isotonie contraction, 32 


JAMAR hand grip dynamometer, 38f 
Jaw movements, 392t 
Joint articulations, of knee, 310f 
Joint function, 386 

of elbow and forearm 

functional range of motion, 168-171, 169t, 
170f, 170t, 17 lf, 172f 
of hand 

arches of, 243, 245t 
functional range of motion, 243 
of neck and trunk, 473 
cervical spine, 473-474 
thoracic and lumbar spines, 474-476 
of shoulder complex 

élévation from 170° to 180°, 133 
functional range of motion, 133 
horizontal adduction and abduction, 
133t, 135, 136f 

internai and external rotation, 136-137, 
136f, 137f 

scapulohumeral rhythm, 133-134, 134f 
shoulder extension, 135, 135f 
of wrist 

coupled wrist motion, 243 

finger position, 243 

functional range of motion, 241-243, 

24lf, 242f 
Joint positions 

close-packed position, 36, 37t 
loose-packed position, 36, 37t 
Joint ROM 

assessment and measurement, 19-22, 19f, 
20f, 21f, 22f 

OB "Myrin" goniometer, 23-29 
universal goniometer, 22-23 

K 

Kinematics, 4 
Knee 

extension, external rotation at the end of, 
310 

flexion, 310 

gliding of the patella on the fémur 
during, 311 

fully extended position of, 331 
joint axes, 31 lf 

motion assessment and measurement, range 
of, 314-318 
movements, 312t 

muscle length assessment and 
measurement, 319-330 
normal limiting factors (NEF) of joint 
motion, 312f 
patella during, 311 

muscle actions, attachments, and nerve 
supply 

biceps femoris, 325t 
rectus femoris, 325t 
semimembranosus, 325t 
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semitendinosus, 325t 
vastus intermedius, 325t 
vastus lateralis, 325t 
vastus medialis, 325t 
patellofemoral articulations, 310f 
screw home mechanism, 310 
surface anatomy, 313 
tibiofemoral articulation, 310f 
Knee extension, AROM measurement 
PROM measurement, 314 
universal goniometer, 315, 322-323 
Knee extension, muscle strength assessment, 
against gravity 
movement, 328 
palpation, 329 
résistance direction, 329 
résistance location, 329 
stabilization, 328 
start position, 328 
substitute movement, 329 
Knee extension, 59t 

muscle strength assessment, gravity 
eliminated 

end position, 330-330f 
stabilization, 330 
start position, 330-330f 
substitute movement, 330 
Knee extensors, muscle function of, 335 
Knee flexion, AROM measurement 
PROM measurement, 314 
universal goniometer, 315, 322-323 
Knee flexion, muscle strength assessment, 
against gravity 
bicep femoris, 326f 
in isolated latéral hamstrings, 326 
in isolated médial hamstrings, 326 
movement, 324 
palpation, 324 

résistance direction, 326-326f 
résistance location, 324 
stabilization, 324 
start position, 324 
substitute movement, 324 
Knee flexion, muscle strength assessment, 
gravity eliminated 
end position, 327 
stabilization, 327 
start position, 327 
substitute movement, 327 
Knee flexion ROM, 331 

for fast-paced running, 334 
for slow-paced running, 334 
while climbing stairs, 333f 
while going down stairs requires, 332f 
while lifting an object off the floor, 332f 
while putting on a pair of trousers, 332f 
Knee flexors, muscle function of, 334 
Knee joint functions, 331 
rotational mobility of, 331 
in walking, 331 

Kneeling and knee flexion, 331, 334t 

L 

Latéral épicondyle of fémur, 313 

Latéral malleolus, 313 

Latéral pelvic tilt, 9 

Latéral pterygoid, 417t, 424, 425 

Levator anguli oris, 419t 

Levator labii superioris, 419t 

Levator labii superioris alaequenasi, 419t 

Levator palpebrae superioris, 416t, 421 

Ligamentous sprains, 16 

Ligamentum patellae tendon, 313 

Lips 

closure and protrusion, 429, 429f 
dépréssion of angle, 431, 43 lf 
élévation of, 432, 432f 

and protrusion, 432, 432f 
Long finger extensors, 61t 
Longissimus capitis, 463t 
Longissimus cervicis, 463t 
Longissimus thoracis, 463t 
Longus capitis, 43 7t 


Longus colli, 436t 
Lumbar-pelvic rhythm, 476 
Lumbricales, 211, 214t, 228, 228f, 366t 

M 

Magnetic yoke, 413 
Make test, 47 
Mandible 

dépréssion of, 424, 424f 
élévation of424, 424f 
latéral déviation of, 425 
protrusion of, 425, 425f 
Manual muscle strength assessment, 50f, 
492-496 

Manual muscle testing (MMT), 32, 38, 39, 45f, 
48f, 51 

elbow extensors, 46f 
Manual résistance, 45-46, 46f 
Masseter, 416t, 424 
Médial pterygoid, 417t, 424, 425 
Menisci, 310 
Mentalis, 420t 
Metacarpophalangeal 
abduction, 225-226 
adduction, 227 

Metacarpophalangeal (MCP) joints, 182 
Metatarsophalangeal (MTP) joint, 337, 339 
Midcarpal joint, 177 

MMT. See Manual muscle testing (MMT) 
Modified Ober's Test, 276, 277 
Motion assessment and measurement, range of 
ankle and foot, 342-360 

ankle dorsiflexion and plantarflexion, 
342-347 

MTP and IP joint flexion/extension of 
lesser four toes, 360 

MTP joint flexion and adduction of the 
great toe, 357-360 

MTP joint flexion and extension of lesser 
toes, 356 

MTP joint flexion and extension of the 
great toe, 354-355 

subtalar inversion and eversion, 348-350 
supination/pronation inversion and 
eversion components, 351-353 
knee, 314-318 
Mouth 

dépréssion of angle, 431, 43lf 
élévation of angle of, 430, 43Of 
retraction of angle of, 430, 430f, 431, 

431f 

Movable arm, of goniometer, 22 
Multifidus, 464t 
Multi-joint muscle, 31, 3lf 
Muscle 

contraction types, 32-33, 32f 
endurance, 33 
fatigue, 33 

functional classification of 
antagonist, 34 
conjoint synergists, 34 
counteracting synergists, 34 
fixating synergists, 34 
neutralizing synergists, 34 
prime mover or agonist, 34 
stabilizing synergists, 34 
synergist, 34 
Muscle function 

of elbow and forearm 

biceps brachii, 173, 173f, 174-175, 174f 
brachialis, 173, 173f 
brachioradialis, 173f, 174, 174f 
elbow flexion, 173 
pronator quadratus, 175, 175f 
pronator teres, 175, 175f 
supinator, 174-175, 174f 
of gait, 335, 388-389 
of head and neck, 476-478 
of hip 

abduction, 306 
adduction, 306 
extension, 305-306 
external rotation, 307 


flexion, 304-305 
internai rotation, 306-307 
of knee extensors, 335 
of knee flexors, 334 
of shoulder complex 
external rotation, 139 
flexion and adduction, 139 
internai rotation, 139 
shoulder adduction and extension, 138 
shoulder élévation, 138 
standing posture, 335 
of trunk, 478-480 
Muscle length 

assessment and measurement, 319-330, 
497-500 

ankle dorsiflexion and foot inversion, 
364-368 

ankle plantarflexion, 368-373 
foot eversion, 375-377 
foot inversion, 374 
gastrocnemius muscle, 361-363, 361f 
hamstrings, 319-320 
interphalangeal flexion, 380-381 
knee flexion, 324-327 
metatarsophalangeal abduction 

(abductor digiti minimi and dorsal 
interossei), 383 

metatarsophalangeal abduction of the 
great toe (abductor hallucis), 382 
metatarsophalangeal and interphalangeal 
extension, 383-385 
metatarsophalangeal flexion, 378-379 
multi-joint muscle, 31, 31f 
one-joint muscle, 29-30, 30f 
pectoralis major, 94, 94f 
pectoralis minor, 95, 95f 
rectus femoris, 321-323 
toe movements, 378 
two-joint muscle, 30-31, 30f 
using prolonged passive stretch, 611 
treatment 

using prolonged passive stretch, 611 
Muscle strength, 32 
assessment, 497-500 

isometric/palpation grading, 96, 96t-98t 
using resisted exercise, 62t 
contraindications and précautions, 36, 38 
dynamic tests, 47 
instrument to assess, 38-39 
isométrie testing, 47 
manual assessment of, 41-44, 42f 
manual grading of 

evidence of contraction, 39 
gravity as résistance, 39 
manual résistance, amount of, 39 
MMT methods, 39 

conventional method, 39 
reliability, 39-41 
validity, 39 
recording, 49-51, 50f 
treatment 

using resisted exercise, 62t 
Muscle testing terminology 
active insufficiency, 33-34 
muscle contraction, 32-33, 32f 
muscle endurance, 33 
muscle fatigue, 33 
muscle strength, 32 
muscle works, 33, 33f 
overwork, 33 
torque, 32, 32f 
Muscle work, ranges of 
full range, 33 
inner range, 33 
middle range, 33 
outer range, 33 
Mylohyoid, 417t, 424 


Nasal aperture 

constriction of, 428f 
dilation of, 428, 428f 
Nasalis, 418t 
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Neck 

cervical spine, 392 
movements, 394t 
flexion-extension, 407-409 
latéral flexion, 410-411 
movements, 406 
muscles, 435-438 
rotation, 412-413, 413f 
standard inclinometer, 400-401 
surface anatomy, 396f, 397f 
tape measure/ruler/calipers, 398, 399f 
temporomandibular joint (TMJ) movements, 
403-405 

Négative Trendelenburg sign, 295, 295f 

Neutral zéro methods, 20, 22 

NLF. See Normal limiting factors (NLF) 

Normal limiting factors (NLF), 143f 


O 

OB "Myrin" goniometer, 13, 14, 17, 17f, 18, 
148, 468 

ankle dorsiflexion and plantarflexion, 347 
goniometer placement, 347 
gastrocnemius muscle, 363-363f 
joint ROM, 23-29 
tibial rotation 

end position, 318-318f 
goniometer placement, 318 
stabilization, 318 
start position, 317 
Ober's Test, 276-277, 276f 
Obliquus capitis inferior, 438t 
Obliquus capitis superior, 438t 
Obliquus inferior, 416t, 422 
Obliquus superior, 416t, 422 
Obturator externus, 279t 
Obturator internus, 279t 
Oculomotor, 420 
Omohyoid, 436t, 434 
One-joint muscle, 29-30, 30f 
Opponens digiti minimi, 215t 
Opponens pollicis, 216t, 240, 240f 
Orbicularis oculi, 418t 
Orbicularis oris, 418t, 429 
Osteokinematics, 4 


P 

Palmar, 214t 
Palmar Interossei, 227 
Palmaris longus, 207, 213t 
Palpation, 2-3 

Passive insufficiency, of muscle, 9, lOf, 29f 
Passive Knee Extension (PKE), 270 
Passive range of motion (PROM), 4, 12 
ankle and foot supination, eversion 
component, 353 

ankle and foot supination, inversion 
component, 351-352 

ankle dorsiflexion and plantarflexion, 342-343 
assessment, 14, 21f 
capsular pattern, 16 

elbow flexion-extension/ hyperextension, 
145-146, 145f, 146f 
end feels, 15-16, 15t, 16t 
glenohumeral joint abduction, 87, 87f 
glenohumeral joint flexion, 81, 81f 
noncapsular pattern, 16 
normal limiting factors (NLF), 15 
scapular movements, 77-78 
shoulder élévation through abduction, 

85, 85f 

shoulder élévation through flexion, 79, 79f 
shoulder extension, 83, 83f 
shoulder external rotation, 92, 92f 
shoulder horizontal abduction and 
adduction, 88, 88f 
shoulder internai rotation, 90 
supination, 147-148, 147f 
of knee flexion-extension 
end feels, 314 
end positions, 314-314f 
joint glides, 314 


stabilization, 314 
start position, 314-314f 
therapist's distal hand placement, 314 
measurement, 22f, 23 

MTP joint flexion and adduction of the great 
toe 

joint glide, 357 
stabilization, 357 
start position, 357 

therapist distal hand placement, 357 
MTP joint flexion and extension of the great 
toe, 355 

of patellar mobility—distal glide 
end feel, 316 
procedure, 316 
stabilization, 316 
start position, 316 

of patellar mobility—medial-lateral glide 
end feel, 316 
procedure, 316 
stabilization, 316 
start position, 316 

subtalar inversion and eversion, 349 
of tibial rotation, 317 
Passive Straight Leg Raise (PSLR), 270 
Patellar articular surface, 311 
Patellar mobility—distal glide, PROM 
measurement of, 316f 
end feel, 316 
procedure, 316 
stabilization, 316 
start position, 316 

Patellar mobility—medial-lateral glide, PROM 
measurement of, 316f 
end feel, 316 
procedure, 316 
procedure, 316 
start position, 316 
Patellar tracking, 311 
Patellofemoral articulation, 310f 
Pectineus, 274, 279t 
Pectoralis major, 94, 94f, 123, 123f 
Pectoralis minor, 95, 95f 
Pelvic élévation, 471-472 
Peroneus brevis muscle, 365t 
Peroneus longus muscle, 365t 
Physiological joint, 4, 6f 
Piriformis, 280t 
Pivot articulation, 5f 
PKE. See Passive Knee Extension (PKE) 

Plane articulation, 5f 

Plantarflexion, 7 

Plantar interossei muscle, 366t 

Platysma, 419t, 431 

Popliteus muscle, 324, 334 

Positive Trendelenburg sign, 295, 295f 

Posterior pelvic tilt, 9 

Posterior tilt, of scapula, 9 

Power grips, 245, 245f 

approach phase, 246, 246f 
finger and thumb positioning phase, 246 
opening phase, 246, 246f 
static grip phase, 246-247, 24 7f 
Précision grip, 245, 245f, 248-249, 249f 
approach phase, 248, 248f 
finger and thumb positioning phase, 248, 
248f 

latéral pinch, 249-250, 250f 
opening phase, 248, 248f 
pulp pinch, 249, 249f, 250f 
Précision handling, 245, 250-251, 250f 
approach phase, 248, 248f 
finger and thumb positioning phase, 248, 248f 
latéral pinch, 249-250, 250f 
opening phase, 248, 248f 
pulp pinch, 249, 249f, 250f 
Préhension, 243 
Procerus, 418t 

PROM. See Passive range of motion (PROM) 
Pronation, 8, 147-152, 147f, 149f, 150f, 151f, 
152f 

measuring, 148-152, 149f, 150f 
pronator quadratus, 166-167, 166f, 167f 
pronator teres, 166-167, 166f, 167f 


Pronator quadratus, 156t, 166-167, 166f, 167f, 
175, 175f 

Pronator teres, 156t, 166-167, 166f, 167f, 175, 
175f 

Protraction, 7 

PSLR. See Passive Straight Leg Raise (PSLR) 
Psoas major, 272, 279t, 304 


Q 

Quadratus femoris, 279t 
Quadratus lumborum, 462t 


R 

Radiocarpal joint, 177. See also Ellipsoidal 
articulation 

Radioulnar syndesmosis, 6f 
Range of motion (ROM), 310, 316, 324 
AROM assessment, 12-14 
measurement, 14 
arthrokinematics, 10, llf 
assessment and measurement, 485-490 
contraindications and précautions, 12 
joint articulations and classification, 4, 5t 
measurement 

instrumentation, 16-17 
reliability, 18 

universal goniometer, 18-19 
validity, 17-18 
movement terminology 

angular movements, 6-8, 8f 
rotation movements, 8-9 
osteokinematics, 4 
planes and axes, 4 
PROM assessment, 14 
capsular pattern, 16 
end feels, 15-16, 15t, 16t 
noncapsular pattern, 16 
normal limiting factors (NLF), 15 
recording, 27f 
wrist and hand, 186, 186f 
Rectus abdominis, 462t, 460-462 
Rectus capitis anterior, 43 7t 
Rectus capitis lateralis, 43 7t 
Rectus capitis posterior major, 43 7t 
Rectus capitis posterior minor, 438t 
Rectus femoris muscle, 272, 276, 329f 
assessment and measurement 

degree of muscle shortening, 323 
Ely's test, 322 

end position, 321-323, 323f 
goniometer measurement, 321-323, 323f 
on slack, 322 
stabilization, 321-323 
start position, 321-323, 323f 
on stretch—firm, 321- 323 
Thomas test position, 323 
muscle actions, attachments, and nerve 
supply, 325t 

Rectus inferior, 416t, 422 
Rectus lateralis, 416t, 422 
Rectus medialis, 416t, 422 
Rectus superior, 416t, 422 
Résistance direction 
gravity eliminated 

middle fibers of trapezius, 108, 108f 
Retraction, 8 

Rhomboid major, 109-111, 109f, HOf, lllf 
Rhomboid minor, 109-111, 109f, HOf, lllf 
Risorius, 419t, 431 
Roll, 10 
Rotatores, 464t 


S 

Saddle articulation, 5f 

Sartorius, 272, 279t, 283, 283f, 324, 333 

Scalenus anterior, 43 7t 

Scalenus médius, 43 7t 

Scalenus posterior, 43 7t 

Scaption, 8, 66 

Scapular abduction and latéral rotation 
against gravity 
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serratus anterior, 99, 99f, lOOf 
gravity eliminated 

serratus anterior, 101, 10lf 
Scapular adduction 
against gravity 

middle fibers of trapezius, 106-107, 106f, 
107f 

and médial rotation 

rhomboid major and rhomboid minor, 
109-111, 109f, HOf, lllf 
scapular movements, 76, 76f, 78, 78f 
Scapular dépréssion and adduction 
against gravity 

lower fibers of trapezius, 112, 112f 
gravity eliminated 

lower fibers of trapezius, 113, 113f 
scapular movements, 75, 75f 
Scapular élévation 
against gravity 

upper fibers of trapezius and levator 
scapulae, 104, 104f 
gravity eliminated 

upper fibers of trapezius and levator 
scapulae, 105, 105f 
Scapular movements, 68t 
AROM assessment, 75, 75f 
abduction, 76, 76f 
adduction, 76, 76f 
dépréssion, 75, 75f 
élévation, 75, 75f 
latéral (upward) rotation, 76, 76f 
médial (downward) rotation, 76, 76f 
PROM assessment 
abduction, 78, 78f 
adduction, 78, 78f 
dépréssion, 77, 77f 
élévation, 77, 77f 
Scapular rotation, 9 

Scapulohumeral rhythm, 133-134, 134f 
Screw home mechanism, 310 
Semimembranosus, 270, 319, 324f, 325t, 326f, 
334 

Semitendinosus muscle, 319, 324f, 325t, 326f, 334 
Semispinalis capitis, 464t 
Semispinalis cervicis, 464t 
Semispinalis thoracis, 464t 
Semitendinosus, 270 
Serratus anterior, 99-101, 99f, lOOf, lOlf 
Serratus anterior muscle activity, 102 
SFTR Methods, 28 
Shock absorber, knee joint as, 331 
Shoulder abduction, 8 
Shoulder abduction to 90° 
against gravity 

middle fibers of deltoid and 

supraspinatus, 120, 120f, 121f 
gravity eliminated 

middle fibers of deltoid and 
supraspinatus, 122, 122f 
Shoulder complex, 64, 66-67, 68t, 69t 
alternate test, 102-103, 102f, 103f 
anterior aspect of, 72f 
bony anatomy, 72f 
clavicular head, 125 
extension, 118-119, 118f, 119f 
external rotation, 92-93, 92f, 93f, 130-132, 
130f, 13 lf, 132f 

flexion and adduction, 116-117, 116f, 117f 
glenohumeral joint, 65, 65f 
abduction, 87, 87f 
flexion, 81-82, 81f, 82f 
movements, 69t 
horizontal abduction, 125-126 
horizontal adduction, 88-89, 88f, 89f, 
123-124, 123f, 124f 

internai rotation, 90-91, 90f, 91f, 127-129, 
127f, 128f, 129f 

isometric/palpation grading, 96 
joints and movements, 68t-69t 
latéral aspect of, 72f 
bony anatomy, 72f 
movements, 69t, 78 
pectoralis major, 9494f 
pectoralis minor, 95, 95f 


posterior aspect of, 71f 
bony anatomy, 71f 
résistance direction, 108, 108f 
scapular 

abduction and latéral rotation, 99-101, 
99f, lOOf, lOlf 

adduction, 106-107, 106f, 107f 
adduction and médial rotation, 109-111 
dépréssion and adduction, 112-113, 

112f, 113f 
élévation, 104-105 
movements, 75-78 

shoulder abduction to 90°, 120-122, 120f, 
121f, 122f 

shoulder élévation, 66 

through abduction, 85-86, 85f, 86f 
through flexion, 79-80, 80f 
shoulder extension, 83-84 
shoulder flexion to 90°, 114-115 
shoulder girdle, 64, 65f 
sternal head, 125 
surface anatomy, 71f-72f 
upper extremity AROM, 73, 74f 
Shoulder élévation, 66 
through abduction 

AROM assessment, 85 
PROM assessment, 85, 85f 
universal goniometer, 86, 86f 
through flexion 

AROM assessment, 79 
PROM assessment, 79, 79f 
universal goniometer, 80, 80f 
muscle function, 138 
Shoulder extension 
against gravity 

latissimus dorsi and teres major, 118, 118f 
AROM assessment, 83 
gravity eliminated 

latissimus dorsi and teres major, 119, 119f 

joint function, 135, 135f 

PROM assessment, 83, 83f 

prone, 84f 

sitting, 84f 

universal goniometer, 84, 84f 
Shoulder external rotation 
against gravity 

infraspinatus and teres minor, 130-131, 
130f, 13 lf 

alternate assessment and measurement, 93, 93f 
AROM assessment, 92 
gravity eliminated 

infraspinatus and teres minor, 132, 132f 
PROM assessment, 92, 92f 
universal goniometer, 92, 92f 
Shoulder flexion, 8 
and adduction 

coracobrachialis, 116-117, 116f, 117f 
Shoulder flexion to 90° 
against gravity 

anterior fibers of deltoid, 114, 114f 
gravity eliminated 

anterior fibers of deltoid, 115, 115f 
Shoulder girdle, 64, 65f, 96t-98t 
Shoulder girdle dépréssion, 9 
Shoulder girdle élévation, 9 
Shoulder horizontal adduction 
and abduction 

AROM assessment, 88 

posterior fibers of deltoid, 125-126, 

125f, 126f 

PROM assessment, 88, 88f 
universal goniometer, 89, 89f 
against gravity 

pectoralis major, 123, 123f 
gravity eliminated 

pectoralis major, 124, 124f 
Shoulder internai rotation 
against gravity 

subscapularis, 127, 127f 
AROM assessment, 90 
gravity eliminated 

subscapularis, 128-129, 128f, 129f 
PROM assessment, 90, 90f 
universal goniometer, 91, 91f 


Shoulder joint, 65 
Single inclinometry, 400, 400f 
Soleus muscle, 365t 
Spin, 10, 1 lf 
Spinalis capitis, 464t 
Spinalis cervicis, 464t 
Spinalis thoracis, 463t 
Splenius capitis, 43 7t 
Splenius cervicis, 43 7t 
Squatting and knee flexion, 331, 334t 
Standard inclinometer, 17, 18f 
Standing posture, muscle function of, 335, 389 
Static grip phase, 246, 247 
Stationary arm, of goniometer, 22 
Sternal head, 125 
Sternoclavicular joint, 64 
Sternoclavicular joints 
anterior view of, 70f 
Sternocleidomastoids, 477 
Sternohyoid, 436t, 434 
Sternomastoid, 436t, 439, 439f 
Sternothyroid, 436t 
Strength, factors affecting 
âge, 34 

angle of muscle pull, 34, 35-36 
diurnal variation, 36 
fatigue, 36 
gender, 34 

length-tension relations, 34-36 
muscle contraction, type of, 34 
muscle size, 34 

speed of muscle contraction, 34 
température, 36 
training effect, previous, 36 
Stylohyoid, 417t, 424 
Subdeltoid joint, 6f 

Subscapularis, 127-129, 127f, 128f, 129f, 139 
Substitute movements, 19-20 
Substitute movements, 42-44 
Subtalar joint, 317, 337 
Superior radioulnar joint, 141-142. See CÜSO 
Pivot articulation 

Supination, 8, 147-152, 147f, 149f, 150f, 151f, 
152f 

biceps brachii, 164-165, 164f, 165f 
measuring, 148-152, 149f, 150f 
supinator, 164-165, 164f, 165f 
Supinator, 156t, 164-165, 164f, 165f, 174-175, 
174f 

Supine hip extensor test, 288, 288f, 289f 
Suprahyoid, 417t, 424 
Syndesmosis, 4 

T 

Talocrural (ankle) joint, 337 
Tape measure, 17, 17f 
Tarsal canal, 337 
Temporalis, 416t, 424 
Temporomandibular joint (TMJ), 391-392 
movements, 403-405 
reliability, 414 
validity, 414 

Tensor fascia latae, 272, 273, 276, 280t, 294, 
294f, 329 

Therapist posture, 3-4, 3f 
Thomas test position, 323 
Thumb 

adduction, 239 
CM abduction, 204 

caliper measurement, 205, 205f 
ruler measurement, 205, 205f 
universal goniometer, 204-205 
CM flexion-extension, 200-201, 202-203 
IP flexion-extension, 202-203 
interphalangeal extension, 235 
interphalangeal flexion, 233 
metacarpophalangeal extension, 236 
metacarpophalangeal flexion, 234 
movements, 181t 
muscles, 223 
opposition, 206, 206f 
palmar abduction, 238 
radial abduction, 237 
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Thyrohyoid, 436t, 434 
Tibialis anterior, muscle assessment 
against gravity 
movement, 364 
stabilization, 364 
start position, 364 
gravity eliminated, 368 
Tibialis anterior muscle, 365t 
Tibialis posterior muscle, 365t 
Tibial plateaus, 313 
Tibial rotation, 310, 317f, 324, 333 
AROM measurement, 317 
external, 317 
greatest range of, 317 
in men, 317 

PROM measurement, 317 
end feels, 317 
joint spin, 317 
procedure, 317 
stabilization, 317 
start position, 317 
of total rotation ROM, 317 
using OB goniometer 

end position, 318-318f 
goniometer placement, 318 
stabilization, 318 
start position, 317 
in women, 317 
Tibial tuberosity, 313 
Tibiofemoral joint, 310 
TMJ. See Temporomandibular joint (TMJ) 

Toe, grading of, 378t 

Toe flexors, 389 

Toe movements, 340t 

Tongue, protrusion of, 433, 433f 

Torque, 32, 32f 

Transversus abdominus, 462t 

Trendelenburg test, 295 

Triceps, 154, 155t, 161-162, 161f, 162f, 163f 

Trigeminal nerve, 423 

Tripod pinch, 249f 

Trochlear, 420 

Trunk 

extension, 446-448, 449, 450-452, 469-470 
extensors and hamstrings, 459 


flexion, 446-448, 449, 450-452, 466-467 

latéral flexion, 453-455 

movements, 442t 

muscles, 460-461, 462t-464t 

rotation, 456-457, 466-467 

surface anatomy, 444f, 445f 

thoracic and lumbar spines, 441, 443 

Two-joint muscle, 30-31, 30f 

U 

Universal goniometer, 13, 14, 17, 17f, 18 
ankle and foot supination, eversion 
component, 353-354 
ankle and foot supination, eversion 
component, 353-354 
alternate measurements, 346 
end positions, 345 
goniometer axis, 345 
movable arm, 345 
stabilization, 344 
start position, 344 
stationary arm, 345 
gastrocnemius muscle, 362-362f 
glenohumeral joint abduction, 87 
glenohumeral joint flexion, 82, 82f 
joint ROM, 22-23 
of knee flexion-extension 
end position, 315-315f 
goniometer axis, 315-315f 
hyperextension, 315-315f 
movable arm position, 315 
stabilization, 315 
start position, 315-315f 
stationary arm position, 315 
MTP joint flexion and adduction of the great 
toe, 358 

end position, 358 
goniometer axis, 358 
movable arm, 358 
stabilization, 358 
stabilization, 358 
stationary arm, 358 

MTP joint flexion and extension of the great 
toe, 356 


shoulder élévation 

through abduction, 86, 86f 
through flexion, 80, 80f 
shoulder extension, 84, 84f 
shoulder external rotation, 92, 92f 
shoulder horizontal abduction and 
adduction, 89, 89f 
shoulder internai rotation, 91, 91f 
subtalar inversion and eversion, 348, 350 
Upper fibers of trapezius, 43 7t 

V 

Vastus intermedius, 325t, 329f 
Vastus lateralis, 325t, 329f 
Vastus medialis, 325t, 329f 
Valsalva maneuver, 12, 38 
Visual observation, 2 

W 

"Winging" of scapula, 102, 103 
Wrist, 177 

AROM, 186, 186f 

extension, 187-189, 187f, 188f, 189f 
and radial déviation, 220-221 
and ulnar déviation, 221-222 
extension (not shown), 223 
flexion, 187-189, 187f, 188f, 189f 
and radial déviation, 212, 215 
and ulnar déviation, 217 
flexion (not shown), 219 
functional range of motion, 241-243 
grasping function of, 243, 245-246 
joint function, 241 
latéral view of, 184f 
movements, 179t 
radial déviation, 8, 190-191 
surface anatomy, 185f 
ulnar déviation, 8, 190-191 

Z 

Zygomaticus major, 419t 
Zygomaticus minor, 419t 



